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PREFACE 


Few fields afford a greater opportunity for study to the 
mechanic, the student, or the engineer, than that of electric 
welding. Arc welding, with its practical, every-day, shop appli- 
cations for repair and manufacture, is in some respects crowding 
closely into the field in which the gas-torch has seemed supreme. 
With the development of mechanical devices for the control of 
the arc, the range of application to production work has greatly 
increased. 

Resistance welding presents in its various branches some of 
the most interesting scientific and mechanical problems to be 
found anywhere. Spot-welding — ^butt-welding — ^line-welding — 
all occupy a particular place in our manufacturing plants today, 
and new uses are being constantly found. 

In the gathering and arranging of the material used in this 
book, particular care has been taken to classify and place various 
subjects together as far as possible. This is not only convenient 
for reference purposes, but enables the reader to easily compare 
different makes and types of apparatus. In most cases, the 
name of the maker of each piece of apparatus is mentioned 
in the description in order to save the time of those seeking 
information. 

No time or pains have been spared in the endeavor to make 
this the most comprehensive book on electric welding equipment 
and practice, ever published. Every possible source of informa- 
tion known to the long-experienced editor has been drawn upon 
and properly credited. 

It is hoped that this book will prove a permanent record of 
electric welding as it is today, and also be an inspiration and 
source of information for those engaged in practice, research 
or development. 

Ethan Viall. 

New York City, 

November, 1920. 
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CHAPTER J 

ELECTRIC WELDESfO— HISTORICAL 

All electric welding may be divided inlo two general cIq.ssch 
— arc welding and rcHi.stance welding. In ea{!h class there are 
a number of ways of obtaining the desired resnlts. Arc welding 
is the older process, and appears to have ])e(m first used by do 
Meritens in ^881 for uniting parts of storage batteries, lie 
connected the work to the positive polo of a current sujjply 
capable of maintaining an arc. The other polo was connected 
to a carbon rod. An are was struck by louehing the carlion 
rod to the work and withdrawing it slightly. The heat generated 
fused the metal parts together, the arc being applied in a way 
similar to that of the flame of the modern gas torch. 

Of the several methods of arc welding, there ai’o the Eornor, 
the B^nardoSj the SlaviaiiolT and the Strohmenger-Blaughter 
processes, os well a.s some modifleations of them. Tlie dilferent 
methods are named after the men gonei’ally credited with being 
responsible for their dcvcloiimcnt. T!ic LaGrange-ITolio process 
is not a welding proee.ss at all, as it is merely a method of heating 
metal which is then welded by hammering, as in blacksmith 
work. It is sometimes called the "water-pail forge." 

The Ecrner process employs two carbon rods fasioned in a 
holder so that their ends converge like a V, as shown in Pig, 1. 
An arc is drawn between the converging ends and this arc is 
caused to impinge on the work by moans of n powerful clectro- 
flame acts in such a manner that this process is 
commonly known as the elcctrie blowpipe method. The Eoi'iier 
procep is so eomplicatccl and requires so much skill that it is 
practically useless. A modification of Ihe Eoruor proee.ss, known 
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as (ho “vollox profi(\sH," uses (iarlioii rods containing a 
p(‘i'c<>ii(af?t! of metallic oxide wliieh is converted into luo 
vapor. This vapor increases tlus .six(3 of the arcs and to 
('xtent ])revenls llio ox<M'ssive earl ion ir.ing of the work, 
process, however, is aiamt as iinpi’uclieiil for general nso a 
oilier. 

Thu ]3eriiurdos procc'ss enit)loyH a si agio carbon or gra; 



Fxo. 1. — The Zcnier Klccrric “ IHow-IMpc.” 


rod and tho arc is drawn lioLwoon iJiis rod and I ho work. 
sUetcIi oJ! tho original apparatus is sliown in i‘'ig. 2. 
is commonly called the carlwn* electrode proi'e.ss. In using 
inothod it is eonsiclorcd advisable lo lonmsd I lie carbon to 
negative side and tlio work lo the positive. Tins j)revenlH 
carbon of the rod from being carried info (lie metal and a s( 
wold is produced. 

In the BlavianofY process a metal electi‘nd<! is used ins 
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of a carbon. Thi.s process is known as the metaUic-electrodc 
process. 

The Sirohmenger-Slaujfliter, or covered oleclrode, process 
is similar to the Slavianoff except that a coated metallic eloc- 



Fio. 2 . — B(}riiar(loH Curhon Elfiotrodc Apparatus. 
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Ria. 3, — Al'C Welding Circiiita as First Used. 


trode is used. In tliis process oitlier direct or alternating eiu’- 
ront may be used. 

Some of the early methods of connecting up for arc welding 
are shown in Fig. 3. 

The LaGrange-Hoho heating process makes use of a wooden 
lank jfillcd with some electrolyte, sueli as a solution of sodium 


sr/£/ , 
Rheostat 
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or potassium carbonate. A plate connected to the positivi 
is immersed in the licjuid and the work to be heated is com 
to the negative wire. The work is then immersed in the 1 
When the piece has readied a welding temperature it is rcr 
and the weld performed by moans of a hammer and anvil 
Resistance Welding. — The idea of joining metals by i 
of an electric current, known as the resistance or* incandc 

process, wa.s conceived by Elilm Thomson some time in 

— -1 



‘J. — Pirst Pnictleal Electric Butt Welding Dovico, Pnlonlot 
by Elilm Thomson, Aug. 10, 1880. 


Little was done with the idea from a practical standpoin 
several yeans. Between 1883 and 1885 he developed and 
an experimental machine. A larger madiine was Imilt in 
Ho obtained his fir.st patent on a device for electric we] 
Aug. 10, 1886. The general outline of this first device is si 
in Eig. 4. The first experiments were, mostly confined to 
is now known as butt welding, and it was soon found tha 
jaws used to hold the parts heated excessively, To remedy 
water-cooled clamping jaws were developed. 





0 


ELECTRIC WELDING 


Closely following the butt welding came other applications 
of the resistance process, such as spot, point or projection, ridge 
and seam welding. Percussive welding, which is a form of 
resistance welding, was developed about 1905. Since spot weld- 
ing is such an important factor in the manufacturing field today; 



Fio. 8, — Ronclmyor’s Spot Welding AlncIiiiK', Using Duplex Copper 
Electrodes, 

the evolution of this process, as indicated Ijy the more prominent 
patents, will be of eomsiderable intGre.st : Pig 5 shows plates spot 
welded together hy means of the carbon arc. This was patented 
by DeBenardo, May 17, 1887, Pat, No, 363,320, The claims 
cover a weld made at points only. The darkened places indicate 
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■wlicrc the welds were made. Fig. 6 sliows the apparatus made 
by DoBenardo for making “spot welds,” us they arc known 
today. He patented this in Germany, Jan. 21, 1888. Carbon 
olcctrodos were used. I’liis patent was probably the first to 
cover the proc(‘ss of welding under pressure and also lor passing 
the eurreut through the sliects being welded. The Gorman patent 
num))er was 46,776 — 49. 

The apparatus shown in Fig. 7 is known as the Kleinschmidt 
patent, No. 616,463, issued Dec. 20, 1898, The patent claims 
cover the first use of pointed coppei' electrodes and raised sec- 
tions, or projections, on the work in order to localize the flow 
of the current at the point where the weld was to be effected. 



Tio. 9. — IM'infliplo of tlio Ihiinmtla Process, U.sing Copper lOlcotrodos. 

Considerable pressure was also applied to the electrodes and 
work by mechanical moans, 

Fig, 8 shows diagrammatieally Bouchaycr^s spot welding 
machine, patented in France, March 13, 1903, No. 330,200. Ho 
used two transfoi'iners, one on each .side of the work. Duidex 
copper electrodes were used, and if the transformers were con- 
nected parallel one spot weld would ho made at each operation. 
If the transformers were coiinecled in series two spot welds 
would 1)0 made. 

Fig, 9 illust]’atcs the principle of the Ilarmatta patent, No. 
1,046,066, issued Dec. 3, 1912. This is practically the same as 
the DcBoiiardo patent, No. 46,776—49, except tliat eoijper elec- 
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trodes are used. Tlowcvcr, it is und6r the Harmatta patent that 
a majority of the spot welding machines in use today are made. 

Pig. 10 illustrates the principle on which the Taylor patent 
is founded. This patent was issued Oct. 16, 1017, No. 1,243,004. 
It covers the use of two currents which are caused to cross the 
path of each other in a diagonal direction, concentrating the 
heating effects at the place of intersection. 



Eio. JO, — Taylor ('rosa-Uiirrcnt Spot Welding Kolhod, 


Prom the foregoing it will be scon that spot welds, ns this 
terjn is now understood, can ho produced in a number of ways, 
none of which methods arc identical. As a mailer of fact, .spot 
welds can he produced by means of the gas torch or by llio 
blacksmith forgo and anvil, although these methods would not 
he economical. 


I 

I 






CI-IAPTEE II 


ARC WELDINa EQUIPMENT 

Electric Arc Welding is the iivmsforiual ion of electrical 
energy into lieat through the medium of an arc for the purpose 
of melting and fusing together two metals, allowing them to 
melt, unite, and then cool. The fusion is accomplished entii’cly 
without pressure. The heat is produced by the passage of an 
electric current from one conductor to another through air which 
is a poor conductor of electricity, and oifci’s a high resistance 
to its passage. The heat of the arc i.s the hottest tlainc that is 
olhainable, having a temperature estimated to bo between 
3,500 and 4,000 deg. G. (6,332 to 7,232 dog. E.). 

The metal to be welded is made one terminal of the circuit, 
the other terminal being the electrode. By bringing the elec- 
trode into contact with the metal and instantly withdrawing it 
a short distance, an arc is estaldishod lictweou the two. Through 
the medium of iho heat thus produced, metal may be eiiliroly 
molted away or cut, added to or built up, or fused to another 
piece of metal as desired. A particularly advantageous feature 
of the electric arc weld is atforded through I lie concentration 
of this intense heat in a small area, enabling it to bo applied 
just where it is needed. 

Direct-current is now more generally used for are welding 
Ilian alternating-current. 

When using direct-current, tlie metal to lie welded is mado 
tlic positive terminal of the eircuit, and the cleclrodo is mado tlio 
negative terminal. 

Regarding alternating-current it is obvious that an equal 
amount of heat will be developed at the work and at the elec- 
trode, while with direct-current welding wo have considerably 
more heat developed at the positive terminal. Also in are weld- 
ing the negative electrode detormiiies the character of the arc, 
which permits of making additions to the weld in a w'ay that is 

9 


10 


ELECTIUC WELDING 


not posijiblc with alternating-current. Iiiasmueh as the work 
always has considerably greater hcat-ahsorbing capacity than the 
electrode, it would seem only reasonable that the direct-current 
arc is inherently better suited for this work. 

Two systems of electric arc welding, based on the type of 
electrode employed, are in general use, known as the carbon (or 
graphite) and the metallic electrode processes. The latter 



process is also snh-divided into those using the hare and the 
covered metallic electrodes, 

A simple schematic layout for an arc-welding outfit is .shown 
in Fig. 11. 

The Carbon Electrode Process. — In this process, llio nega- 
tive terminal or electrode is a carbon pencil from 6 to 12 in. 
in length and Irom ^ to 1-^ in. in diameter. This was the original 
process devi.scd by Bernardos and has boon in more or less general 
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use for more than thirty years. The metal is made the positive 
terminal as in the metallic electrode process in order that the 
greater heat developed in this terminal may be applied just 
where it is needed. Also, if the carbon were positive, the tendency 
would bo for the carl)oii particles to flow into the wold and 
thereby make it hard and more difficult to machine. 

The current used in this process is usually between 300 and 
450 amp. For some special applications as high as from 600 
to 800 may be required, especially if considerable speed is desired. 
The arc supplies the heat and the filler metal must be fed into 
the weld by hand from a metallic bar. 

The class of work to which the carbon process may be applied 
includes cutting or melting of metals, repairing broken parts 
and building up materials, but it is not especially adapted to 
work where strength i.s of prime importance unless the operator 
is trained in the use of the carbon electrode. It is not practical 
to weld with it overhead or on a vertical surface but there are 
many classes of work which can bo profitably done by this process. 
It can he used very advantageously for improving the finished 
surface of welds made by metal electrodes. The carbon electrode 
process is very often useful for cutting cast iron and non-ferrous 
metals, and for filling up blowholes. 

The Metallic Electrode Process. — ^Tn the metallic electro do 
process, a metal rod or pencil is made the negative terminal, 
and the metal to be welded becomes the positive terminal. 

Wlicn the arc is drawn, the metal rod molts at the end and 
is automatically deposited in a molten slate in the hottest portion 
of the weld surface, Since the filler is carried dii’ectly to the 
weld, this process is particularly well adapted to work on vortical 
surfaces and to overhead work. 

If the proper length of arc is uniformly maintained on clean 
work, the voltage across the arc will never greatly exceed 22 
volts for bare electrodes and 35 volts for coated electrodes. The 
arc length will vary to a certain degree however, owing to the 
physical Impossibility of an opcratoi’ being able to hold the elec- 
trode at an absolutely uniform distance f j’om the metal through- 
out the time required to make the weld. 

It is very e.ssential that the surfaces be absolutely elcan and 
free from oxides and dirt, as any foreign matter present will 
materially affect the success of the weld, 
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When using a metallic electrode, the arc which is formed 
by withdrawing it from the work, consists of a highly luminous 
central core of iron vapor surrounded by a flame composed 
largely of oxide vapors. At the temp era ture prevailing in the 
arc stream and at the electrode terminals, chemical combinations 
occur instantaneously between the vaporized metals and the 
atmospheric gases. These reactions continue until a flame ol’ 
incandescent gaseous compounds is formed which completely 
envelopes the arc core, However, drafts created by the high 
lemperatiu’o of the vapors and by local air currents tend to 
remove this protecting screen as fast as it is formed, making it 
necessary for the welder to manipulate the electrode so that the 
maximum protective flame for both arc stream and electrode 
deposit is continuously secured. This can bo obtained auto- 
matically by the maintenance of a short arc and the proper 
inclhiatio3i of tho electrode towards the work in order to com- 
pensate for draft currents. 

Selection of Electrodes, — The use of a metallic electrode 
for arc welding has proved more satisfactory than the use of 
a carbon or grapbilc electrode which ncce.ssi tales feeding the 
new metal or filler into tlie are by means of a rod or wire. Tho 
chief reason for this is tliat, when the metallic electrode process 
is used, the end of the electrode is melted and tho molten metal 
is carried through tho arc to be deposited on the material being 
welded at the point whore the material is in a molten state 
produced by the heal of the arc. Thus a perfect union or fusion 
is produced with the newly deposited metal. 

Wire for metallic arc welding must be of uniform, homogene- 
ous structure, free from segregation, oxides, pipes, seams, etc. 
Tho commercial weldability of electrodes should he determined 
by moans of tests performed by an exp ('rie need operator, who 
can ascerlnin whether the wire flows smoothly and evenly through 
tho arc without any detrimental phenomena. 

Tho following tabic indicates llu! maximum range of the 
chemical composition of bare electrodes for welding mild steel: 


Carljon tifteo up. to 0,26% 

Manganese trace up to 0,99% 

Phosphorous not to oxeeed 0.05% 

Sulphur not to exceed 0.05% 

Silicon not to oxceetl 0,08% 
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riic composition oi! tlic inilcl steel electrodes, eommonly used, 
is around 0.18 per cent carbon, and manganese not exceeding 
0.05 per cent, with only a trace of phosphoi’us, suliilmr and 
silicon. 

Tlie size, in diameter, ordinarily required will lie '/„ in., Vj.. 
ill., and Vio in. and only occasionally the V 32 in. 

These elcctrode.s are furnished by a number of firms, among 
whom are John A. Roebling’s Sons Co., Trenton, N. J. ; Ameriean 
Kolling Mills do., Middletown, Ohioj Ameriean Steel and Wire 



CourUtu of the Wttlingkouse Co. 

Pia. 12.— Rotation of Approximate Arc (Jiirronls and Eloelrodc Diamolprs. 

Co., Pillslmrgh; Forrido Electric Welding Wire Co., Now 
York City; Page Woven Wire Co., Mone.sson, Pa.; John Potts 
Co., Pliiladclphia, 

A coaled electrode is one which lias had a coating of some 
kind applied to il.s surface for the purpose of totally or partially 
excluding the almosphore from the metal while in a molten stale 
when pas.sing through the arc and after it has been depo.sitcd. 

The proper size of electrode may bo determined from Pig. 
12 from whieh it will be seen that the class of work and current 
used arc both factors determining the size of the cleclrodo for 




14 


ELECTRIC WELDING 


welding steel plates of various lliickiiesses. To Und the diameter 
of the metallic electrode required, select, for example, a Ihrec- 
eighths plate, and follow horizontally to the “Thickness of the 
Plate Curve.” The vertical line through this intersection repre- 
sents about 110 amp. ns the most suilahlc current to l)c used 
with this size of plate. Then follow this vertical line to its 
interseetion with the “Diameter of Electrode” curve which 
locates a horizontal line representing approximately an electrode 
V 32 ill. in diameter. In a similar manner, a Va-iR- phite requires 
about 125 amp. and a ‘'/aa-hi, electrode. 

The amount of cuiTcnt to lie used is dependent on the tliiclc- 
ness of the plate to he welded when this value is ij; in. or loss. 
Avei’age values for welding inikl steel platc.s with direct current 
are indicated by the curve referred to above in connection with 
lliG selection of the electrode of proper .size. These data are also 
shown in 'i’able 1 . 


TADiiK I. — Aei’uoxiMATi’, f’limiKN'i’ ^^\^.lIl;s eon IMiATi-js oe DieeKnKNT 

Tuickncss 


I'lalo Thi^kticsH 

Current 

Elect ro(l() Diameter 

in IneliPS 

in AmpercH 

in Inches 

1/16 

20 to 50 

1/16 

1/8 

50 to 85 

3/.32 

?5/10 

75 to 110 

1/8 

1/4 

00 to 125 

1/8 

3/8 

110 to 150 

6/.32 

1/2 

125 to 170 

5/32 

5/S 

140 to 186 

5/32 

.3/4 

150 to 200 

8/10 

7/8 

165 to 215 

3/16 

1 

175 to 225 

3/16 


It should he borne in mind, liowovor, tlini llicse values are 
only approximate as the amount of current to ho used is 
dependent on the lempornturo of the plate and also upon the 
type of Joint. For example, when making a lap weld between 
two H-in, steel plates at ordinary air temperature of about 
65 dog. F, it has heoii found that the extra good re.sults were 
obtained by using a current of about 225 amp. and a Vm-in. 
diameter electrode. The explanation for the high current per- 
missible is the tremendous licat storage and dissipation enpaeily 
of the lapped plale.s which makes the combination practically 
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equivalent to that of a hutt weld of two 1-in. plates, l^or that 
reason the above values will be very greatly increased in the 
case of lap welds wliicli require practically twieo the amount 
of current taken by the butt welds. 

When tlie propel’ current value is used there will be a crater, 



Eio. IG. — Simple Form ot Eloclroilo iroklor. 


or depre.ssion, formed when the arc is interrupted. This shows 
that the newly deposited metal is penetrating or “biting into” 
the work. 

The difforonco between the earbon and the metallic electrode 
processes can bo seen in Figs. 13 and 14, In Fig. 13 the welder 



is using a carbon electrode and feeding metal into the weld from 
a metal rod held in his left hand. In Fig, 14 the metal rod 
is held in a special holder and not only carries the current but 
metal from it is deposited on the work. 

Electrode holders should bo simple, mechanically strong, and 
so designed as to hold the electrode flrmly. It should be prac- 
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tieally impossible to burn or damage the bolder by accidental 
contact so that it will not work. Small, flimsy or light projecting 
parts arc almost sure to be broken off or bent. Fig. 15 shows 
one of these holders that answers the requirements. ITowevcr, 
any of the eompanies .selling arc welding apparatus will be able 
to supply dependable holders. 

A bolder made by the Arc Welding Machine Co., Now York, 
is shown in Fig. 16 and in detail in Fig. 17. The metal rod 
is clamped in by means of an eecontrie segment operated by 
a thumb lever. If the rod should fi’ceze to the work it will not 
pull out of the holder, but will be gripped all the tighter. The 



welding current enters at the rear end of the composition shank, 
posses along the shank to the head of the tool, and from there 
directly into the electrode. It will be noted that there are no 
joints in this tool except where the cable is soldered into the 
shank, There is a relatively largo contact surface between the 
electrode and the bolding head, which precludes any possible 
heating at this point. The trigger is intended for remote control 
employed with the closed circuit system. Whenever this holder 
is used on other systems, the trigger is omitted. 

Cable. — ^Por arc welding service the cables leading to the 
electrode holder should bo very flexible in order to allow the 
operator full control of the are. 

The following sizes of cable have been found by the General 
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Electric Co. suitable for this service, due account being taken 
of the intermittent character of the work. 

It is extra flexible stranded dynamo cable, insulated for 75-v. 
circuit, with varnished cambric insulation, covered with Aveather- 
proof braid. 


Amiieres 
Up to 200 
Over 200 
Up io 500 
Over 500 
Up to 1,000 


.Size of (Jftblo 
325/2-1 

376/2-1 

650/2-1 


(Jirculiir A [ills 

90,000 

160,000 

260,000 


It will bo noted in Figs. 13 and 14, that two dilTeront ways 
of protecting the eyes arc shown. One man has a helmet and 



Fj<?. is, — ^K ing Face Masks With and Without Hi do aereons. 


the other uses a sliield held in the hand. Conditions under which 
tlie weldors ivork, and llieir personal preferences, largely dictate 
Avhich typo is to bo used. Hoivovor, no welder should ever at- 
tempt arc Avelding without a protecting screen iitted Avith the 
right kind of glass. Cheap glass is dear at any price, for the 
light rays thrown off from the arc arc very dangerous to the 
eyesight. The guard should bo so made as to not only protect 
I ho eyes from dangerous light rays, but should also protect the 
face and neck from flying sparks of metal. 

A very good face mask made by Julius King Optical Co,, 
New York, is shown in Pig. 18. Those masks are made of fiber 
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and provision is made for a free circulation of air between the 
front and the face, not only keeping the operator cool, but 
preventing the tendency of the lenses to fog. The masks arc 
supported by bauds over the head and it is said that weight 


Pig, 19. — King Hand Whiolda, 
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Pi#}. 20. — Method of Using Scroous to Protect Others, 

is not apparent and that they are as comCortable to wear as a 
cap. Two styles are made — with and without side screens, The 
one without screens may be had with combination lenses tinted 
for acetylene or electric welding or with any other tint for 
specific work. The one with side screens, providing side vision, 
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Fig. 21 . — ^IndiTidnal Stalls for Instruction Work. 
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is fitted either with combination lenses or with cioar Saniglass 
lenses. A hand shield is shown in Fig, 19. 

[n arc welding in the open, other workmen or onlookers aro 
liable to injury as well a.s the welders, so screens should be placed 
around the work to conceal the light rays from the view ol 
otliorn besides the welder. Such an arrangement is shown in 
Fig. 20. 

Where repetition work is to be done, it is well to provide 
iiidivi<hi{il stalls or booths, somewhat similar to the one shown 
in Fig 21. 1’Iicso were designed for use in the welding schools 
nndei' tlie supervision of tlic Lincolu Electric Co. For actual 
sho]) workj curtains or screens sliould be provided back of the 
welders. 

It must be remembered also, that owing to the proscnce of 
ultra-violet rays, severe flesh burns may result with some people 
if j) roper gloves and clothing arc not worn — especially when 
using the carbon arc. 

Selecting a Welding Outfit. — Welding outfits may lie of tho 
atutionary or the portable type. These may also be divided into 
motor-generator sets and the “transfornicr’' types. Botli d.c. 
and a.c. current may be used primarily, depending on the ap- 
])uvalua employed and the soui'ce of current available. 

Ilegai’diiig tlic selection of any jiartienlar outfit J. M. Ham, 
writing in Ihc General JCleclric Uevmo Cor December, 1918, says; 

Few tliing.s electrical have in so short a period of time 
Croat etl such wide-spread interest ns tliat of arc welding. En- 
gineers having to do with steel products, in wliatover form 
produced or in wliatever way employed, have investigated Us 
uses not only as a building agent when applied to new material 
but as a reclaiming agent for worn or broken parts. Tn bo 111 
cases it.s iiossibilitics as a means of greatly increasing output 
and in saving otherwise useless parts at a small fraction of tlieir 
original or replacement value has proved astounding. 

Out of these investigations have grown .several systems of 
arc welding. 

To exploit these is tlio duty of tlic sales department and tlie 
measure of its success depends upon the quality of serviee 
rendered. 

Tho difficulties of giving service arc perhaps not fully ap- 
preciated. Where so many systems have been called for and 
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where so many individual ideas have to be met, tlie problems 
of the manufaetuver become multiplied. 

During a period of freight congestion when locomotives wore 
in imprecendcnted demand, an engine was run into the repair 
shop with slid flat spots on each of the eight driving wIigcIh, 
and orders were issued to return it ready for service in r(?cord 
time. In three hours repairs had been completed by means of 
the electric arc (to have put on new tires would liave required 
three to four days) and the locomotive was out on the road. 
Many other achievements as remarkable as these have been 
obtained. 

It would seem that having demonstrated the success of are 
welding for a given line of work, others similarly engaged 
would be keen to take advantage of it ; but that is true only 
in part, possibly because this is a "shoAV nie^’ age. 

When it becomes apparent to the investigator of arc welding 
possibilities that the process fulfills lus requirements, the ques- 
tion of what system to employ confronts him; salesmen are on 
the job to tell him about their particular specialtie.s. JIc is 
informed that the real secret of welding is having tlic proper 
electrode (the sale.sman’s special kind) ; it must bo covered or 
bare, as the ease may be, and contain certain itn named in- 
gredients, The merits of the direct-current system are extolled. 
Alternating-cuiTent outfits arc advocated by others, it being 
claimed that they bite deeper and weld if the arc is held. The 
prospective buyer retires with a headache to think it over. 

There is no my.stcry about arc welding. It is being done 
with all sorts of outfits and many varieties of elect rode.s. It 
can even be done from power lines with resistance in scries with 
the arc. But these systems differ widely in essentials, just as 
in the case of automolhles. We can buy a cheap ear or an 
expensive car, and in either event we get just about what wo 
pay for. 

The are-welding set must pay its way. It must cam dividends 
and conserve materials, and when properly selected and applied 
does both of these things to a degree quite gratifying. To the 
discriminating purchaser it is not sufficient merely to know that 
an outfit will make a weld, ho wants to know if it is the best 
weld tha't can be made, if it can be made in the shortest possible 
time, and whether the ratio between cost of the entire system 
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to the savings affeetod is the lowest olitainahle. He doul)tlcss 
will, if the work is of sufficient magnitude to warrant, cstablisli 
a welding department with a trained arc welding man in charge, 
and see tliat this department stands on its own feet. By so doing 
lie places responsibility on a man who knows what to do and 
how to do it — a friend rather than a foe of the system. lie 
will, other things being anything like equal, respect the opinion 
of the operator in the selection of the system to be employed, 
beeauso it is better to provide a man with tools he is familiar 
with and prefers to use, rather than to force him to use some- 
thing with which he is unfamiliar or which he regards with 
disfavor. 

Obviously, the purchaser wishes to know that the companie.s 
he is dealing witli are reliable and responsible, that the experience 
back of the salesmen is sufficient to warrant faith in his product. 
It is important to know the amount of power required per 
operator and whether drawing the needed amount from his own 
lines or from those of the power company will interfere with 
the system, and if so to what extent, and what, if any, additional 
apparatus will bo needed to correct the troiilfic. Having 
determined these things to his satisfaction, he can install his 
arc-welding system with a considerable degree of assurance that 
tlierc will bo a decided saving in time, men, and money, and a 
genuine conservation of materials. 

EYE PROTECTION IN IRON WELDING OPERATIONS 

In tile General Electric liovieiv for Dec., 1918, W. »S. Andi’cws 
says in part: 

Rjuliation I'l’om an oilenscly lienteil solul or vapor may )jo dividofl uiidor 
the tliroo lioadings: 

(1) InviBiblo jnfra-iod rays 

(2) Visiblo light lays 

(3) laviaiblo iiltra-violot rays. 

Tlioro is no clear lino of doinarcation between tlicso divisions, us tlioy 
molt gradually ono into the other liko tlio colors of tho visiblo Bpcctrmn. 
"When tlio heated matter is aolld, such oh tho fllamont of an ineandesoont 
lamp, tho visiblo spcetrnm is usually continuous, tliat is, without lines or 
bands; but when it Is in tho form of a gas or vapor, as in Urn iron arc 
used for welding operations, tho spectrum is divided up into bands or is 
crossed by lines which aie characteristic of the olomont heated, 
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'I’lio radiations xiiulor Iho foiogoing three headings, although of eoiiimoTi 
origin, produce very divorao oltccts upon our senses. Thus, the infra-red 
lays pioduce the sensation of licat when they fall on our unproloctod skin, 

1 uL they aro invisible to our oyea. Tho visible light rays enable us to 
see; but wo have no sense that perceives the ultra-violet rays, so that wo 
Know of tlicin only by their effects. 

Tlio intense glare omitted in tho process of arc welding consists of 
a combination of all lliesc rays, and special safety devices aro roftnirod to 
protect tho operator from their harmful effects. 

I'Yr welding with aeotylono and for liglit oloctrie welding, it may be 
necessary only to protect the eyes with goggles fitted with suitable colored 
glasses. 

A hand shield made of light wood, aud which lias a safety colored 
glass window in the center is also sometimes used. This dovieo is used 
for medium weight electric welding done with one hand, Tho shield servos 
tJio double purpose of protecting tho eyes of tho operator and also shielding 
his face from the heat rays and tho ultra- violet radiation, which might 
otherwise cause a severe sunburn offoefc. 

Eor heavy electric welding, which requires the use of both hands, 
it is common practice for tlio operator to protect his eyes and 3icck with 
a helmet fitted with a round or rectangular window of safety glass. These 
liolmots aro usually made of some strong light material such as vulcanized 
fiber and are designed so tliat they can bo slipped on and off easily, 
tho weight resting on tho slmuldors of tho operator. 

There aro a great many different kinds of special safety glasses on 
tho market, and many combinations of ordinary colored glass aro also 
in common use, so a brief discussion of this very important subject is 
in order. 

It is well known that tlio normal human eye shows eonsidorablo chromatic 
aberration towards tho rod and bliio-violot ends of tho spectrum and that 
this defect is completely corrected in regard to tho middlo colors. It, 
thoroforc, naturally follows tlmt a much cleaver definition of an object 
is obtained by combinations of yollow-greon liglit than liy rod alono, or 
especially by bluo or violet liglit alono. The eye is also more sensitive 
to tho yellow and green rays than it is to tho red and blue rays; or in 
other words, yollow-grcen light has tho highest luminous ofilcicncy. This 
may easily bo verified by looking at a sunlit landscape or fleecy clouds 
in a bluo sky through plates of different colored glass. A ghi8.H of a light 
ambor color or amber slightly tinted with green will clearly bring out 
details that aro hardly observable without tho glass, and which will bo 
()b.seurcd oiitiroly by a bluo or violet glass. It is therofovo obvious that in 
order to obtain tho clearest doflniiion or visihiUly loith the least amount 
of glare, the selection of tho color tint in safety glasses should properly 
be decided by an export; but tho depth of tint or, in other words, tlio 
amount of obacuralin7i may bo dotorininod best by tlio operator liimsolf, 
owing to tho individual difforonco in visual acuity which will permit ouo 
man to seo clearly through a glass that would bo too dark for another man. 

When the invisible infra-red rays on conn tor any material wliieh tliey 
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can not penetrate, or wliicli is opaque to thorn, they are absorbed and aro 
(‘Imneocl into heat, neneo, they are froquontly termed heat rays. It is, 
lliproforo, very necessary to guard tlie eyes from these rays; and altliough 
they aro absorbed to a corlnin extent by ordinary coloiod glass, this is 
not Huffleiont protection against any intonso source. Thoro are, however, 
S('VGral hinds of glass, which, allliougli fairly transparont to visible light, 
aro wonderfully eliicient in absorbing lieat. Tlio effects of oven low-power 
heal rays, when genoialod in close proximity to the eyes for eonsidorabio 
tune, aro often serious, us is evidenced l>y tlio fact that glass blowers, 
who nao their nnpioteclcd eyes near to hot gas names of weak luiniiious 
intensity, arc frequently ahlicted with cataract which might bo positivoly 
avoiclort by wearing properly fitted spcctaclos. 

Til selecting colored glasses, great care should bo taken to discard all 
sain pics that show streaks or spots, as theso defects aro lialdo to produco 
oyc-strnin. The glass should bo uniform ni color and thiidtncss throughout, 
and tlio colored plato should bo protected from outside injury by a thin 
picco of eloar glass that can easily bo ronowod. 

Table If indicates roughly the porenntago of heat rays transmitted 
by various colored glasses of given lliiekncss, Tho source of heal used 
was a 200-watt, gas-fiHod Mazda lamp operating at a Lemporaturo of about 
2400 dog. C. Although the figures aro substantially correct for the samples 
tested, they would necessarily vary somowhat for other samploB of different 
tliickiiess and degrees of coloration, so that thoy can ho taken only ns a 
gonoral guido for compavativo puiposos. Examination of llio table will 
show that the last throe, or commercial samploH, all show bettor tlian 90 
per eont cxclnsion of tlio heat rays. 


'I’Anu: rr. — Q uai.itiick of Various Kind.s of fluAs.s 





Per Cent 



Thickness 

Heat Bays 



in Inelios 

Trans- 

Kind of Gla.Hs 



■ mi tied 

Glcar white mica 


. . 0.004 

81 

Clear window glass, 


.. 0.102 

74 

Plashed ruby 


, . 0.097 

09 

Belghiiii pot yellow 


. 0.120 

50 

f.'oiialt blue 


. . o.oo.q 

4.3 

Emerald green 


, , o.too 

BO 

Dark mica 


. . 0.007 

15 

Special light green glass 


, . 0.095 

10 

Special dark glass 


. . 0.090 

4 

Special gold-plated glass 


, . 0.1 14 

0.8 

As to Iho invisible ultra-violet 

rays, they are 

principally to bo feared. 

not only bocauso they aro invisible, but because wo have no 

1 organ or 

souse for detecting thorn, and wo 

can only trace 

Ihcir ox is ton eo by their 


offecta. In all eases, however, when wo aro forewarned of their presonco, 
thoy are very easily shielded, for thero aro only n few substances which 
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are transparent both to visible light and to ultra-violet radiation. Foroiiiost 
among theso latter siibstaneos, becaiiso it is most common, is clear natural 
quartK or loek crystal, from which the so-oallod ''pobblo'* speetaelo lenses 
are made, Fluorite and selenite are also transparent to ultra-violet rays, 
but theso crystalline materials are rare and not in common use, Ilowovor, 
a moderate thickness of ordinary clear glass, sheets of clear or amber 
mica, and of clear or colored eolluloid or gelatine aro opaque to tlioso 
dangerous rays. As a case in point, it is well known tliat tho mercury 
vapor lamp, when made with a quartz tube, is an exceedingly dangerous 
light to the eye, being a prolific sonreo of ultra-violet radiation, so that 
when it is used for illumination, it is always carefully oiiolosod in an 
outer globe of glass. When tho mercury vapor lamp, liowover, is made 
with a clear glass tubo it is a harmless, if not very agreeable, source of 
light, because the outer tube of clear glass is opaque to tho ultra-violet 
rays that are generated abundantly within it by the highly luminescent 
mercury vapor. 

When operating with a aoureo of light that is known to bo rich in 
ultra-violet rays, such as tho iron arc in welding operations, it is not 
sufiieient to guard tho eyes with ordinary spectacles bocanso these invisible 
rays aro capable of rodcction, just tho same as visible light, and injury 
may easily ciisuo from slanting loilections reaeliing the eye behind tlio 
spectacle lenses. Goggles that fit closely around tho eyes aro tho only 
sure protection in such cases. Also, when using a hand shield it should 
bo hold closo against tho face and not several inches away from it. 

It may hero bo mentioned tiiat tho invisible ultra-violet rays, when thoy 
aro not masked or ovorpoworod by intense visible light, produce tho curious 
visiblo effect termed “ lluoresconeo ^ ’ in many natural and artificial com- 
pounds, That is, those rays cause certain compounds to shino with various 
bright chniactoristic colors, when by visible light alono thoy may apiioar 
pure white or of some weak neutral tint. Thus, natural willomito, or zinc 
silicate, from certain localities (which may also bo made artificially) 
shows a bright green color under tho light from a disniptivo spark botwoon 
iron terminals j whereas this compound is white or nearly so by visiblo 
light. Also, all compounds of salicylic acid, such ns tlie sodium salieylnto 
tablets which may bo bought at any drug store, aro pure white when scon 
by visible light, but show a beautiful blue fluoresceneo uiuler ultra-violet 
rays. Many other chemical compounds could bo mentioned which possess 
this curious property, but tho above substances will sufilco to illustrato 
tho effect of /luorescciico produced by ultra-violet rays, and by which those 
rays may be thereby detected. It must, however, bo noted that the, so 
substances will only show Ihoir lluorcseont colors very faintly wlioii viewed 
by tho light of tho low- tension iron arc used in welding, bocanso tho intense 
visiblo light of this arc will overpower Die weaker effect of the invisible 
ultra-violet rays, Tho true beauty of fluoreseont colors can only bo soon 
imdor a higii-toiiaion disruptive discharge between iron terminals, tho visililo 
liglit in this case being weak while tho ultra-violet rays aro eonipai aiivoly 
intense. 

yummarizing the effective means for oyo protection against the various 
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harmful latliations that aro partiouluvly assoeiatocl with welding operations: 

(1) The intense glare and flichoring of the visible lays should ho 
softened and tonod down by suitably colored glasses, selected by an export 
and having a deptli of coloration which shows ihe clearest definition com- 
itned with suftcicnl ohscuration of glare, which last feature can bo best 
determined by the individual operator. 

(2) When infra-rod rays aro present to a dangerous dogroo, a tested 
heat-absorbing or heni-ioflocting glass should bo employed, either in com- 
hinalion with a su if able dark colored gla.s8, when glaring visible liglit is 
present, or by ilsolf m cases whore the visible rays aio not injuriously 
intense. 

(3) Tn guarding the eye fioin the dangerous ultra-violet rays, it must 
bo earofiilly noted that " pebble" lenses aro made fioin clear quart/, 
or natural rock crystal, and this inateiial being transparent to these rays 
offers no protect ion against their harmful features. On the other hand, 
ordinary clear glass is a protection against those rays when they aro not 
very intense, but dark-amber or daik-anibor- green glasses aro absolutely 
protective. Glasses showing blue or violet tints should bo avoided, excepting 
in coitain combinations wherein they may bo used to obscure othor colors. 


CHAPTER III 


DIFFERENT MAKES OF ARO WELDING SETS 

In showing examples of diilcreni makes and types of arc 
welding sets, only enough will be selected to cover the field in 
a general way, and no attempt whatever will be made to make 
the list complete. 

The General Electric Co., Schenectady, N. Y., puts out the- 



Fig. 22. — General Electric 3-3rW., 1700-K,P,M., 126-G0-20*V. Compound- 
^\oimd Bnlancor-Typo Arc Wokliiig Set. 


constant energy metallic electrode set shown in Fig. 22. This, 
however, is but one type of its machines as this company makes 
a varied line covering all needs for welding work. Two of their 
commonly used, up-to-date sets arc illustrated in Figs. 131 and 
132, Chapter TUI. 

Thi.s particular machine combines liigh arc cflicioncy and 
light weight. The balancer set is of the well-known G-E standard 
“MCC” construction.' It is built for operation on 125-v., d.c, 
supply circuits, which may he grounded on the positive side only, 
and is rated ‘‘MCC” 3 kw., 1,700 revolution, 125/60/20 v., eom- 
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DIFI'TOHENT wakes of AUG WELDING SETS"^ 

2 )ouii(l-wo'und, 150 amperes, RC-27-A frames, the two armatures 
being mounted on one shaft and connected in series across the 
125-v. supply circuit, one welding circuit terminal being taken 
from the conUGction between the two armatures and the other 
from the positive line. By this means each machine supplies 
part of the welding current and, consequently, its size and weight 
is minimized, The design of the fields and their connections 
is sucli that tlio set delivers tlio voltage required directly to the 
arc without Iho use of ro.sistors or other energy-consuming 
devices. The bearings arc waste packed: this type of bearing 



Fig. 23. — Wolclliig Control Panel for Bnlanoor Sot. 


being desirable in a set which is to bo made portable cither for 
handling by a crane or for mounting on a truck. 

The welding ' control panel for ’the balancer set is shown in 
h'ig. 23. This panel consists of a slate base, 24-iiv square, whicli 
is mounted on '24-in. 'pipe supports for portable work and on 
64-in. pipe supports for stationary work. 

The entire set consists of one ammoter, one voltmeter, one 
dial switch, two field rheostats (motor and generator) one start- 
ing equipment witlf fuse, one reactor mounted on the pipe frame 
work of panel. *^110 ammeter and voltmeter are enclosed in a 
common ease. TlTc ammeter in iho welding 

^ Lib B'lore 


SB2 



30 


ELECTRIC WELDING 


circuit and the voltmeter is so eonneeted that by means of a 
double-throw switcli, either the supply line voltage or the welding 
line voltage can be read. 

The dial switch is connected to taps in the series field of 



Em, 2'1, — Bnlancor and Conti ol Panel Coniinctions for Gonoral lOliuilric 
Conatant-Enorgy Constant-Arc Sot, 


the generator, the field being connected to oppose the main field. 
This feature provides the current control by wliich six stops 
are obtained of the approximate values of 50, 70, 90, 110, 130 and 
150 amp., which enables the operator to cover a very wide range. 
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111 addition, if intermediate current values arc required, they can 
he obtained by means of the generator field rheostat. 

A small reactor is used to steady tlic arc and current holh 
cm starting and during the period of welding, 

Are welding is usually done on metal which is grounded and 
this is especially uiiavoidahlo in sliip ivork, ivliere tlie slii]) struc- 
ture is always well grounded. Since successful operation requires 
that the positive terminal lie eonneetod to the work the' supply 
circuit .should be safely grounded on the positive side. 

Where a 125-v., d.e. supply system is not available, standard 



Fio, 2,'5, — Carbon Eloclrodo Gulling Speodn for DilTorout Tlii(*knoHH(>B 

of rinto. 

“MIC” or “MCC’',.scts arc furnished to supply power at 12r> v,, 
the motor being cither 3-phasc, GO-cyclc, 220, dilO or 5150 v., or 
d.c., 230 or 550 v., and in llircc capacitie.s, 5-J kw., 7 kw., and 
15 kw. With each motor generator set there is supplied a panel 
containing generator field rheostat and motor startin’, which may 
he mounted beside the balancer punch A diagram showing the 
balancer and control iiancl is shown in Fig. 2d. 

The constant energy arc-welding equipment .supplies, to the 
are, practically constant energy lliroiigliont the welding range 
for metallic electrode welding only. If the arc Is Icngtlieued 
slightly the voltage ineroases and the current decreases, the total 


Table HI. — Data for Metallic Electrode Butt and Lap Welds 
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energy being practically constant. As the voltage required by 
the arc varies, the generator readjusts itself to this condition 
and automatically supplies the required voltage; the remainder 
being utilized by the motor end of l.ho set. The interchange 
of voltage between the motor and generator is practically in- 
.stantaneous, no perceptible lag occurs. This feature is valuable 
when mclal drops from the electrode and causes an instantaneous 
increase in current. The commutation is sparklcss and the wcld- 



ElS. 20. — ^Wilson Two-Are, 300 Amp., "PlasUc Arc” Woldiiig Set, 


ing circuit may bo short-circuited without injury to the machine, 

In connection with welding -willi an otitfit of this kind, the 
practical man and student will find Table III of considerable 
interest. For sheet steel cutting using the carbon are, the 
chart Fig. 25 is given. 

The Wilson Outfit. — ^The Wilson * Aplastic arc’* process and 
apparatus was first developed in railroad work by the Wilson 
Welder and Metals Co., New York, in order to enable the 
welder to control the heat used. By this system it is claimed 
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that any number oi! operators can worlc from one large machine 
without one weldor interfering- in any way with, the work of 
another. Each operator can have properly controlled heat and 
a steady arc at the point of application. This system was 



Eie. 27,— Welding and Cutting Panel for Wilson Sot. 


largely used in tlic repair of the damaged engines on the Gcr- 
man ships which were seized by us, By regulating the heat 
n IS claimed that any metal can be welded without preheating 

1 of “ Pontroi 

panel in Pig. 27. 
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This outfit consists essentially of a constant voltage 
generator driven by any constant-speed motor, all mounted 
on a common bedplate. The regulation ol the welding current 
is maintained by means of a series carbon pile acting as a 
series resistance of varying quantity under the action of increas- 
ing or decreasing mechanical pressure. This pressure is 
produced by means of a series solenoid operating meehanieally 
on a lever and spring system which varies the prcs.sure on 
the carbon pile inversely as tlic curi'ent in the main circuit. 
This establishes a constant current balance at any predeter- 
mined adjustment between a maximum and minimum range 
dcvsigned for. The change in adjustment is controlled by the 
operator at the point of work by moans of a small pilot motor 
which shifts the lever center of the pressure mechanism, 
thereby raising or lowering the operating current. This system 
maintains a constant predetermined current at the arc regard- 
less of the arc length. The operation of the mechanism is 
positive and quick acting. A special series ehokc-eoil is 
mounted on the control panel for use as a cutting resistance. 

“Plastic Arc” Dynamotor Unit. — The “plastic arc” weld- 
ing unit illustrated in l^ig, 28, while embodying the same 
fundamental jirinciples as the foregoing, is a later model. This 
set is composed of a dynamotor and cui'rcnt control panel. 
The generator is flat-compound wound, and maintains the 
normal voltage of 35 on either no load or full load. 

The control panel has been designed to provide a constant- 
current controlling panel, small in size, of light weight, simple 
in operation and high in cflieieiicy. The panel is of slate, 
20 in.X27 in., and on it are mounted a small carbon pile, a 
compression spring, and a solenoid working in oppo.siiion to 
the spring. The solenoid is in seric's with the arc so that any 
variation in current will cause the solenoid to vary the pressure 
on the carbon pile, thereby Iceeping the eiurcnt constant at the 
value it is adjusted for. 

Three switches on the panel provide an easy means of cur- 
rent adjustment between 25 and 175 amperes. The arrange- 
ment of the welding circuit is such that 25 amperes always 
flow tlirough the solenoid when llio main switch is closed, 
whether the welding current is at the minimum of 25 amperes 
or the maximum of 175 amperes. The balance of the welding 
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current is taken, care oi in by-pass resistances skiinted around 
the solenoid. 

This outfit can be furnished as a dynamo! or unit, with 
standard motor characteristics as follows : 110 volts or 220 volts 
direct current, or 220 or 440 volts, 60 cycle, 2 or 3 phase, 
/ilteruating current; also as a gasoline-driven unit, or it can 



Eia. 28.— “Plnstic-Arc’' Dyiiamotov Welding Unit. 


be fumishocl without a motor, to he belt driven. The normal 
generator speed is 1800 r.p.m. The not weight is 800 lb. willi 

?c.m° v'’ altornating-ourrent motor, 

1200 lb. with gasoline engine, and 550 lb. as a bolted oulflt 
without motor The sets can be mounted on a truck for easy 
portability if desired. 

The Lincoln Outfit,— The portable arc-welding outfit illus- 
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trated in Fig. 29 is tlic product oi the Lincoln Electric Co,, 
Cleveland, Ohio. The outfit is intended for operation ■whore 
electric current i.s not available and consists of a 150-amp. 
are-welding generator direct connected to a Winton gasoline 
engine. An interesting feature of the machine is tlie method 
used to insure a steady arc and a constant and controllable 
heat. A eompound-wound generator is used, the series wind- 


Pia. 29. — Lincoln Solf-Containcrl Portnblo Sot, 


ings of which are connected to oppose tlio shunt field, the two 
windings being so proportioned that the voltage increases in 
the same ratio that the current increases, thus limiting the 
short-circuit current. Another important effect of this is that 
the horsepower, and therefore the heat developed for a given 
setting of the regulator switch shown on the control board 
above the generator remains practically constant. It is claimed 
that this method of control gives considerably more work 


lii 


iii'i 



38 


ELECTRIC WELDING 


on a given amount of electricity than whore the machines use 
the ballast resistance. Additional arc stability is insured by 
the stabilizer at the right of the illustration, this being a highly 
indue tive low-resistance coil connected in the ■welding circuit 
and serving to correct momentary fluctuations of currenti 
Westinghouse Single-Operator Electric Welding Outflt.— 
The single-operator electric arc-welding equipment shown in 
Fig. 30 is manufactured by the AVestinghouse Electric and 
manufacturing Oo., East Pittsburgh, Pa. The generator 



Eig. 30. — Westinghouse Slnglo-Oporntor Portable Outfit, 


operates at arc voltage and no resistance is used in circuit 
with the arc. The generator is designed to inherently stabilize 
the arc, thereby avoiding the uso of relays, solenoid control- 
resistors, etc. 

The generator has a rated capacity of 175 amp. and is 
provided with commutating poles and a long commutator, 
which enable it to carry the momentary overload at the instant 
of striking an are without special overload device. Close adjust- 
ment of current may be easily and quickly made, and, once 
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made, the amount ol curroni at the weld will remain fixed 
within close limits until changed by the operator. There arc 
twenty-one steps provided which give a current regulation of 
less than 9 amp. per step and make it much easier for a welder 
to do vertical or overhead work. 

The generator is mounted on a common shaft and bedplate 
with the motor. A pedestal bearing is supplied on the com- 
mutator end and carrjes a bracket for supporting the exciter 
which is coupled to the common shaft, hlither d.c. or a.c. 
motors can be supplied. Where an a.c. motor is used leads 



FiO. 31, — ^U, S. L, Portable, A-C. Motor-donoralor yot. 


arc brought outside the motor frame for connecting either 
220- or 440-v, circuits. An electrician can change these con- 
nections in a few minutes’ time. This feature is desirable on 
portable outfits which may be moved from one shop to another 
having a supply circuit of dilteront voltages. For portable 
service, the motor-gcncratoi’ set with the control panel is 
mounted on a fabricaled steel truck, equipped with roller- 
hearing wheels. The generator is compound-wound, flat com- 
pounded, that is, it delivers 60 v. at no-load and also at Cull- 
load. 
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The U. S. Light and Heat Oo/s Outfit. — The portable outfit, 
Pig, 31, is made by tlio U, S. Liglit and Heat Corp., Niagara 
Palls, N. Y. It is 28 in. wide, 55 in. high, 64 in. long, and 
will pass through the narrow aisle ol a crowded machine shop. 
It weighs 1,530 lb. complete. In case a d.c. converter is used, 
the weight is about 125 lb. less. Curtains are provided to Itecp 
out dirt. A substantial cable reel is provided carrying two 
50-ft. lengths ol flexible cable lor carrying the cxirrent to the 
arc. The reel is controlled by a spring which prevents the 
paying out of more cable than the welder needs. Tlic outfit 
is made in several models to use 4 hw., 110-220-440-550 v., 
2 and 3 phase, 25 ami 60 cycle. 

The Arc Welding Machine Oo.’s Oonstant-Ourrent Olosed- 
Oircuit System, — -The constant-current closed- circuit arc welding 



Fig, 83 a,— T he Arc WohUug Maclnno Oo.’s Outfit. 


system developed by the Arc Welding Machine Co., New York, 
permits the use of an inherently regulating generator witli more 
than one arc on a single circuit. This system is claimed to he 
especially adapted to production welding applications. 

The method has all the advantages of series distribution, 
namely, the size of wire is uniform throughout the system and 
carries a uniform current, independent of the length oC the 
circuit as well as of the number of operators. The circuit is 
simply a single wire of sulficient cross-section to carry the 
current for one arc, run from the gcnei’ator to the nearest arc, 
from there to tlic next, and so on back to the generator. 
Wherever it is desired to do welding, a switch is inserted in 
the line, and a special arc controller provided with snitahlo 
eonnociious is plugged in across the swilcli wlicncvcr work 
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is to be done. These eontrollcvs may be made portable or 
permanently moimled at the welding station. 

Tlio set shown in Fig. 31 A consists of two units: The 
generator proper which fiumishcs the energy for welding, and 
the regulator which automatically maintains the current at a 
constant value. The regulator is excited from a separate 
source, and, by varying its excitation with an ordinary field 
rheostat, the main welding current may be set at any value 
within the range of the machine that is desired, and once set 
it will automatically maintain that value. 

Fach arc that is operated on the system is equipped with 
an automatic controller which serves two essential purposes: 

1 — 'll maintains at all times the continuity of the circuit, 

so that one arc cannot interfere with any of the 
others when it comes on, or goes out of, the circuit. 

2 — ^Tl controls automatically the heat which can be jDut 

into the metal of the weld. 

The current through the arc, together with the .size of the 
electrode, determines the flow of metal from the electrode, and 
this current is adjusted by slmnting a portion of tlic main 
current around tlio arc. The regulation eharaetoristic of the 
arc may be adjusted by a scries parallel resistance, wlncli is 
one of the special features. "When doing work on very thin, 
light metals, especially where the weld must he tight, it is 
necessary that fusion take place from the first instant the 
arc is struck. If the heat oC the arc is exactly right for 
continuous oimration, it will not be enough at tlie first instant, 
and if it is sufficient to produce fusion at once, then it will 
he too much a few seconds later. On this account a special 
type of controller is used for such wo]*k which provides for 
auloinalic reduction at a definite time after the arc is actually 
started, and continuing for a definite time and at a definite 
rale. Both periods of lime and the rate and magnitude of 
the current change arc adjustable. 

For a given flow of metal through the arc the temperature 
of the metal is determined by the length of the are, that is, 
by the voltage. With this controller, the length of the arc 
limited by the voltage is adjusted to suit the work and the 
operator, and if excoeded, the are is sliort-eireuitcd automat- 
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ieally and remains short-circuited until the welder is ready 
to begin again. 

Pi-ovision is also made for stopping the arc at will without 
lengthening it. Therefore it is claimed tliat witli this system 
it is impossible to draw a long arc and burn the metal. Tlio 
arc is not broken when the welding operation is stopped, but 
is killed by a short-circuit which is placed across it. 



Pig. 33. — Zens Arc-Welding OntfiL. 


Stopping an are by short-circuiting and limiting the heat 
production in the same way is a patented feature. 

“Zeus" Arc-Welding Outfit. — The “Zeus" arc-welding out- 
fit shown in Mg. 32 is a product of the Gibb Instrument Co., 
1644 Woodward Ave., Detroit, Mich. In this device the motor- 
generator customarily used has been supplanted by a trans- 
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Fig. 33. — Arcwell Oiitflt for Altorimting Ciirront, 

difCerciU sizes of electrodes. Tlie inhevenl reactance of the 
outiit automatically stabilizes tlie arc for different arc lengths. 

The Arcwell Outfit. — Tlie Arcwell Corporation, New York, 
has on the market an electric welding apparatus built for 
operation on alternating current of any speciAcd voltage or 
frequency. It is shown in Fig. 33. It differs from the com- 
pany’s standard outfit in that it is being put out expressly 
for the use of smaller machine shops and garages, its capacity 
not being sufficient to take care of heavy work on a basis of 


former with no moving parts. Tlie outfit is built on a unit 
system, wliieli allows the installation of a small outfit, and 
if the work becomes heavier a duplicate set may lie eonncctcd 
in parallel. One of the features of the machine is the arrange- 
ment for regulation. It is not necessary to change any con- 
nection for this purpose, as a wheel connected with a secondary 
and placed on tlie top of the case raises and lowers this 
secondary, and provides the regulation of current necessary fur 
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speed. It will do any work that can bo done by the larger 
maclnnos, but the work cannot be performed as rapidly, the 
machine being intended especially for use by concerns who 
have only occasional welding joljs to perform. Tlio machine 
wciglis approximately 200 lb. and, being mounted on casters, 
it can be moved from one job to another. 

Altemating-Ourrent Arc-Welding Apparatus. — The Electric 
Are Cutting and Welding Co., Newark, N. J., is now marketing 
the altoriiating-eurrent arc-wclding outfit shown in Pig. 34. 

This illustration shows tlie entire apparatus for use oii a 



EiO. Si ,' — ^ApparatiiB Made by the Electric Arc Cutting and Wolding Co. 

single-phase circuit, the current being brought in through the 
wires seen protruding at tlio lower left corner. 

The device consists principally of a transformer with no 
moving parts and is claimed to last indefinitely. In this ap- 
paratus, instead of holding cither current or voltage constant 
as with dircet-current scl.s, tho wattage, or tlio product of 
voltage and current, is bold constant. Tho alternating-eurreiit 
set holds the arc wattage without moving pails; hence the heat 
is substantially constant for any given setting, and it is claimed 
that as soon as any person becomes accustomed to the sound 
and sight of tho arc and can deposit the molten mclal where 
he desires it is impossible to burn the metal from too much 
heat make cold-shut welds from too little heat. The amount 
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of boat gcncratfid is eonlrollecl hy means of an adjusting handle 
on tho transformer together with taps arranged on a plugging 
board, It is stated that the kilowatt-hours required to deposit 
ji pound of mild steel with this machine varies from to 2|. 

Their largest set is a 60-cycle type weighing about 200 lb., 
wliich places it in tho portable class. The set can bo furnished 
lor any a.c. power supply, but it is not advisable to use a 
great Cl* voltage than 650 on the primary. The set can also l)o 
made single phase, two phase three wire, two phase four wire, 



li'io. 36, — Gcnornl Electric Load-Burning OuUll, 


to operate across the outside wires of the two-phaso system 
or from a three-phase power supply. Polyphase sets arc about 
30 per cent heavier than the singlc-pliaso sets. In the two- 
phaso machine balanced current can l)o drawn from each of 
tho two piiascs by placing the sets acro.ss tho outside wires. 
This is advocated, as it provides for loading eurrciit on one 
phase wliich brings up the total power factor of llic system and a 
bettor power rate can l)e obtained. In polyphase circuits where 
more than one set is used single-pliase sets can bo distributed 
among the several phases. 

Tho oiatfit can be made especially for welding and Tor oiil- 
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ting or lor combination -vvolding and entting and. can make 
use of bare wire, slag-covered, gaseous fluxed or carbon elec- 
trodes. An operator’s mask and the electrode bolder used 
may be seen on top of the apparatus. 

General Electric Lead-Burning' Transformer. — This lead- 
burning transformer, Fig. 35, a product of the General Electric 
Co., Schenectady, N. Y., can be used for load burning, soldering 
electric terminals, splicing wii'cs and tinsmitlr jo])s, and even 
brazing can be done by placing the work between a blunt 
carbon point and a piece of cast iron. Tlio transformer is 
designed to be connected to tlic ordinary 110-v., a.c, ligliting 
circuit. Heavy rubber-covered terminal leads arc used to 
convey the low-voltage, heat-producing current to the work, 
one terminal ending in a clip for fastening to some convenient 
portion of the work while tlic other terminal has a carbon 
holder arranged with an insulated liandle. AVhen the welding 
carbon is brought into contact with the 'work the pointed end 
becomes intensely hot and melts the metal over a ro.stricted 
area. It should be noted that no arc is drawn, the end of 
the carbon point being heated to such a temperature that the 
metal in the vicinity is melted. The device uses about 800 
watts while in actual use, the consumption dropping to 4| 
watts when the point is removed from the work. It is stated 
that the device is very convenient in plumbing, roofing and 
tank-building jobs, as well as other such work. 


CHAPTER IV 


TRAININa ARC WELDERS 

Writing on the training of arc welders, in the American 
Machinist i April 15, 1920, 0. IT. Escliliolz, research engineer 
of the Westinghonse Electric and Mfg. Co., Pittsburgh, says: 

Many industrial engineers arc now facing the problem of 
developing competent welders. This situation is attributed to 
the rapid growth of the metallic electrode are-wclding field 
as the result of the successful application of the process to 
war emergencies. Tlio operator’s ability, it is now generally 
conceded, is the most important factor in tlie imoduction of 
satisfactory welds. To facilitate the acquirement of tlio neces- 
sary skill and knowledge, tlie following training course con- 
siders in tlieir proper .sequence the fundamental cliaracteristies 
and operations of the liarc metallic electrode are-welding 
process, 

It is well known that the iron arc emits a largo quantity 
of ultra-violet radiation, Protection from the direct rays is 
usually afforded by tlic use of hand shields. Many uncom- 
fortable burns, however, have been traced to reflected radiation. 
To secure adequate protection from both direct and reflected 
light it is necessary for the welder to use a flber hood equipped 
with suitable glasses. Paper No. 325 of the Bureau of 
(Standards on “Spectroradiometric Investigation of tlio Trans- 
mission of Various Substances” concludes tliat the use of amboi* 
and blue glasses will absorb most of the ultra-violet as well 
as infra-red radiation. To protect tlie operator fi’om incan- 
descent particles expelled by tlie arc, closely woven clothing, 
a leather apron, gauntlets and hello ws-tongued shoes should 
be worn. 

If tlie welding bootli is occupied by more than one welder, 
it will bo found desirable to equip each operator witli amber 
or green- colored goggles to reduce the intensity of accidental 
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“fla!?hcs” from adjacent arcs after llie welder lias removed 
his hood. 

The Welding* Booth. — The difficulty of maintaining* an arc 
i.s greatly increased by the presence of strong air currents. 'Po 
avoid the resulting arc instability, it is desirable to inclose 
. the welder on at least thi'ce sidesj with, however, siilTicient 
ventilation provided .so that the booth will remain clear from 
Climes. By painting the walls a dull or matte lilack the amount 
of arc radiant energy reflected is reduced. 

Tile electrode supply and means of current control should 
be accessible to the operator. AVhen using liarc electrodes the 
positive lead should be firmly connected to a heavy steel oi* 
cast-iron plate, mounted about 20 in. above the floor. This 
plate .serves as the welding table. 

Welding* Systems.— Many commercial sets compel tbo 
operator to hold a short arc. This charueteristic favor.s the 
production of good welds Imt increases the difficulty of main- 
taining the arc. By increasing the stability of the are through 
the use either of covered electrodes, sei'ics inductances or in- 
creased circuit vollago and series resistance, tlic acquisition of 
the purely manipulative .skill may be accelerated. 

The Electrode Holder.— Tlio electrode holder should nmiaiu 
cool in service, shield the Avoiding hand from the arc, facilitate 
the attachment and release of electrodes, while its Aveight, 
balance and the drag of the attached cajfle should not produce 
undue fatigue. A su])ply of different types of covered and 
bare electrodes .should be carried- by the Avoiding school so 
that the operator may become familiar Avith their operating 
and fusing characlori.slies. 

The degree of supervision tlio wekhu’ is to roci-ivo de- 
termines the source of operator material. If the Avoiding opera- 
tions are to he superAUsed thoroiiglily and the function of tJie 
Avclder is simply that of uniting suitably prepared surfaces, 
the candidate may be selected from the type of men who usually 
become liroficicut in skilled occupations. If, hoAvever, the 
responsibility of the entire welding procedure rests xipoii the 
operator, he should he drawn from members of such metal 
trades as machinist, boilermaker, blacksmith, oxy-acotylene 
Avclder, etc. Some employcns find it expedient to use simple 
eve and muscular co-ordination tests to determine the eandi- 


TRAINING ARC WELDERS 


40 


% 


date’s ability to detect the colors encoinitered in welding and 
to develop an automatic control of the are. 

With adequate equipment provided, the operator may bo 
instructed in the following subjects : 

1. Manipulation of the arc. 

2. Characteristics of the arc. 

3. Cliavacteristics of fusion. 

4. Thermal characteristics. 

5. Welding procedure. 

6. Inspection, 

Arc Manipulation, — A sitting posture wliicli aids in the 
control of the arc is shown in h’ig. 36. It should be noted that 



Fig. 36. — CoTJ'oct Welding Posture and Equipment. 


by resting the left elbow on the loft knee the communication 
of body movements to the welding hand is minimized, while by 
supporting the electrode holder with both, hands fhe arc may 
be readily directed. During the first attempts to secure arc 
control covered electrodes may be used, as these greatly increnso 
arc stability, permitting the weldor to observe arc char act oris- 
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tics readily. It is suggested that tliroughcut the training period 
the instructor give frequent demonstj-atioiis of the 'vvekling 
operations as well as occasionally guide the apprentice’s Aveld- 
ing arm. 

Arc Formation. — With the welding current adju.sted to 100 
amp. and a covered electrode in the holder, the operator 

assumes the posture shown and lowers the electrode until con- 
tact is made with a mild-steel plate on tlic welding table, 
whereupon the electrode is withdrawn, forming an are. If an 
insulating film covei’s cither electi’ode surltuu' or the current 
adjustment is loo low, no ai’C will 1)0 drawn, With 11 le arc 
obtained the operator should note the Eollowiug characterislies 
of are manipulation. 

Fusion of Electrodes. — The fusion of elect rodcs is frequently 
called “sticking” or “freezing.” It is the fir.sl difficulty 
encountered and is caused cither hy the use of an excessive 
welding current or hy holding the cleetrocles in contact too 
long before drawing the ai'C. This fusing tendency is always 
present becanse the welding operation requires a current d('n- 
sity high enough to melt the wire electrode at the arc termijial. 
AVhen such fusion occurs the operator commits tlus natural 
error of attempting to pull the movable electrode from tlio 
plate. If he succeeds in separating the electrodes, tlie momen- 
tum acquired, unless he is very skillful, is sulficient to carry 
the electrode beyond a stable arc length. If, howevisr, the wrist 
of the welding hand is turned sharply to the riglit oi- left, 
describing the arc of a circle having its center at the ehnitrodo 
end, the fused section is sheared and a large movement of the 
electrode holder produces an easily controllable separation of 
the arc terminals. 

Maintenance of Arc.— ACter forming the arc the chief con- 
cern of the welder should be to maintain it until most of the 
electrode metal has been deposited. If tlie movable electrode 
were hold rigidly, the arc would gradually lengthen as the 
electrode end melted off until the arc lengtli had increased 
sufficiently to become unstable and interrupt tlie flow of cur- 
rent, To maintain a constant stable arc length it is necessary 
for the operator to advance the wire electrode to^vard the plate 
at a rate equal to that at which the metal is lieiiig depositisd. 
For the novice this will prove quite difficult. However, if the 
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initial attempt?! arc made -with covci'cd electrodes, whicli per- 
mit greater arc-lengUi variations tliaii bare electrodes, tlie 
proper degree of skill is soon acquired. 

Wheii ilie operator succeeds in maintaining a short are 
length lor some time, the covered electrode should be replaced 
by a Va 2 -in. diameter bare electrode, the 'vvelding current in- 
creased to 150 amp. or 175 amp. and cither reactance included 
in the circuit or the voltage oX the welding sot increased. With 
increase in manipulative skill the reactance coil may be short- 
circuited or tile supply voltage reduced to normal and practice 
continued under commercial circuit and electrode conditions. 

Further instruction should not bo given until the candidate 
is able to maintain a short arc during the entire period required 
to deposit the metal Xrom a bare electrode 14 in. long, V 82 
in diameter, on a clean plate in. in thickness when using 
a welding current oX 150 amp. The arc voltage may ho used 
as a measure oC the arc length. The average arc voltage 
during the test should bo less than twenty-live, as this 
corresponds to a length o£ ax)proximately J in. >Somo oporatoi’s 
meet tins test in the lirst hour o£ their training, others require 
two or throe days’ practice. IX arc-length control is not 
obtained within the latter i>eriod, the instructor may saXely 
conclude that the apprentice is physically unfitted Xor tlie occu- 
pation oX arc welding, IX the test is saiisXactory, training 
should bo continued, using hare electrodes hut with such 
stabilizing means as inductance or resistance again inserted in 
the cii’ciiil. 

Control of Arc Travel; Direction and Speed. — The plate are 
terminal and the deposited metal XoUow the direction taken 
by the pencil electrode, The difflcully oX forming deposits 
varies with the direction. The first exercise should consist in 
Xorming a series of deposits in differ oni directions, as sliown 
in A, Fig. 37, until the operator develops the ability to form 
a series oX straight, smooth-surXaced layers. Additional skill 
may be acquired by the practice oX Xorming squares, circles 
and initials. 

The speed oX are travel determines the height of the deposit 
above the parent metal. A second exorcise should require the 
formation of deposit strips having heights of Vio» Vs ‘'ind 
Vio in. The normal height oX a deposit when using a welding 
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euvront of 150 amp. and a ])arc electrode of Vsa diameter 
Is approximately J in. 

Weaving'. — 1£ llie electrode end is made to describe the arc 
of a circle across the direction of deposit formation, the width 
of the deposit may bo increased without changing the height 
of the deposit. This weaving movement also facilitates slag 
flotation and insures a more complete fusion of the deposited 
metal to the parent metal. B and 0, Fig. 37, illustrate the 
appearance of deposits formed with and without weaving of 
the electrode. 

A third exercise should consist in forming layers of eciual 



Pjo. .17. — (y'oiUrol of Arc Direction ExorciflO. 


(A) Exorcho lo dovolop control of arc direction. (B) Effect of ^Yoavlng doc- 
trodo across dirccllon of doposit. (C) Effect of not weaving. Those deposits woro 
formed wllli the operator and plato In tlio samo rolativo position, nocosailatlng a 
change In tlio direction of ate Iruvol for Dio duposition of oach ]n>or, Eolo that 
tills diroction Is indicated by tho position of tho orator torinlnatlng oach strip ns 
well as by tho inclination of tho scalloped surface. 


heights, but having widths of ^ and f in. when using an 
are current of 150 amp. and a diameter bare electrode. 

As the welder should now he able to control direction, 
height and width of deposits while maintaining a shoi't are, 
he should ho given tlio fourth exercise of forming tiers of 
parallel, overlapping layers until inspection of the surface and 
cros.H-soctions of tho built-up material indicates good fusion 
of the metal as well as alhscnco of slag and blowholes. 

Arc and Fusion Oharacterlstics. — Tlie arc is tho welder’s 
tool. Its function is to transform electrical energy into highly 
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eoneontratecl thermal energy. This eoncentratod energy serves 
to melt both tlie parent and .the deposited metals at the elec- 
trode terminals, the arc conveying the liquefied pencil into the 
crater formed on the material to ])0 welded. 

The plate arc terminal will always appear as a crater if 
a welding euri'eiit is used. This crater is formed partly by the 
rapid volatili;iation of the liquefied material and partly by the 
expulsion of fluid metal due to the explosive expansion of 
occluded gases .suddenly released or of gases formed by 
chemical reaction between electrode materials and atmospheric 
gases. To secure good fusion the deposited metal should be 
dropped into the crater. This is facilitated by the use of a 
short arc. On welding, the operator should frequently note 
the depth of arc crater and manipulate tlie arc so that the 
advancing edge of the crater is formed on the parent metal 
and not on the hot deposited metal. 

Polarity. — "Wlien using bare electrodes the concentration of 
thermal energy is greater at the positive than at the negative 
terminal. Since in most welding applications the joint has a 
greater thermal capacity than the pencil electrode, more com- 
plete fusion is assured by making the former the positive elec- 
trode. The difl'eroneo in conccnlration of thermal energy may 
be readily illustrated to the welder by having him draw an 
are from a Vio-ia. thick plate with the plate first connected 
to a negative and then to the positive terminal. If a current 
of approximately 60 amp. is used with a Vio-in, diameter elec- 
trode, he will he able to form a deposit on the plate, if the 
plate is the negative terminal. On reversing the polarity, how- 
ever, the energy conccntralion will bo sufficient to molt through 
the plate, thus producing a “cutting arc.” 

An arc stream consists of a central coi’c of electrically 
charged particles and an envelope of hot gases. The clccirodo 
material is conveyed in both liquid and vapor form across the 
arc, a spray of small glolmles being discernible with some types 
of electrodes. Since atmospheric gases tend to diffuse through 
this incandescent metal stream, it is obvious that some of the 
conveyed material becomes oxidised. 

Through the maintenance of a short arc, not exceeding ^ 
in., the resulting oxidation is a minimum because enveloping 
oxide of manganese vapor and carbon dioxide gas, formed by 
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the combination of atmosplieric oxygen with the manganese 
and carbon liberated from the electrodes, serves as a bai’J'icr 
to restrict the further diffusion of atmospheric gases into the 
arc stream. Fig. 38 illustrates the degree of protection afforded 
the conveyed metal when using short and long arcs. AVith the 
latter convection currents deflect the protecting envelope from 
the arc stream. The effect of arc length on rate of oxidation 
may bo clearly indicated to the welder by forming deposits with 
a ^-in. arc and a ^-in. arc on a clean plate. 

The surface of the first deposit will be clean and smooth, 
as shown at a, Fig. 39. The surface of the second deposit will 
be irregular and covered with a heavy coating of iron oxide, 
as shown at 6, All oxide formed dtiring welding should be 



PlQ. 38, — ^Long and Sliort Welding Arc. 
Lfirgo aro alronm onusos oxcosstvo oxidallon. 


floated to the surface, since its preseneo in the weld will redneo 
the strength, ductility and resistance to fatigue of the joint. 

Stability, — The ease of maintaining an are is determined by 
the stabilising characteristics of the electrical circuit and the 
arc gases. As noted above, increased stability may be obtained 
by the use of series inductance or higher circuit voltage with 
increased series resistance, higher arc currents and covered 
electrodes. A high-carbon-contont electrode, such as a drill 
rod, gives a less stable arc than low-carbon content rods, owing 
apparently to the irregular formation of largo volumes of arc- 
disturbing carbon-dioxide gas. Bare electrodes after long ex- 
posure to the atmosphere or immersion in weak acids will bo 
found to '‘splutter” violently, increasing thereby the difficulty 
of arc manipulation. This "spluttering” is apparently caused 
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by iiTcgular evolution of liydrogen. If the electrode is coated 
Avitli lime, its stability improves. 

Tlie evident purpose of a u^elding process is to secure fusion H 

between the members welded. The factors that determine 
fusion ill arc welding are arc current, electrode current density, [ ] 

thermal capacity of joint sections and molting temperatures 5; 

of electrode and plate materials. By observing the contour 
of the surface of the deposited metal as well as the depth of 
the arc crater the welder may determine at once whether such 
conditions under his control as arc current, electrode current 





Pio. 39. — Dopoalt Obtained with Short Arc and Long Arc. 

Nolo that aurfacDH of doposit and plato in (o) aro comparallvoly cloan, while 
Uioso In (b) aro heavily coaled with iron oxide. 

density and electrode material are properly adjusted to produce 
fusion. 

The fifth exercise should consist of forming a series of 
dcpo.sHs with arc currents of 100, 150 and 200 amp., using 
electrodes with and without coatings having different cai’bon 
and manganese content. Cross-sections of the deposits should 
then be polished and etched with a 10 per cent nitric-acid 
solution and the surface critically examined for such evident 
fusion characteristics as penetration and overlap, comparing 
those with the surface characteristics. 
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Pki. 40. — Overlap and Poiielialioii HUkHoh. 

(A) Typical Boclion (hrout'h a nonnni layer formed by doposflina niolnl from 
a mild steel elcclrndo on a mild steel pinto Noto lliu contour of tlio dopOHll ns well 
ns that of tlio fused zone and tho sllahl ovorlnp nnd roriecl doptli of doposll pono* 
trntion, Parent inotnl riystnl stnictuio is ultored by thoriiml clinngeK 

{B) Typical section through n doposlt formed when holding n long nrc, Kx* 
ccssivo ovorlnp and no pnnotiotion exist, blast weld fnlluies may ho nttrihutod to 
tho oporntor maintaining occasionally or continuously loo long an nro. 

(0) Hoction lliroiigU erntor formed on completing deposit strip, Tlio doptll of tho 
cratof is n mensuro of tho dopth of ponotration. 

(f)) Excessive ovoilnp secured with n poncll olcctrodo (drill rod) having a 
lower molting lomporaluio than tho paronl metal (mild steel), 

(fJ) Kllmination of ovorlnp ohtoJned by using a pencil oloctrodo (mild atool) 
having a highor molting tompernluto ihon tho pnioni invlnl (cast iron). 

(F) Inconiploto fusion obtained with a low ore current, 

((7) "Cutting” securod through uso of high nro current. 

(J7) Section Indicates proper selection of welding curronfc nnd oloctrodo dlamotor 
to soenro fusion. 

(7) Poor fusion caused hy too rapid flow thermal energy from deposit through 
platos. 

(/) Adequate fusion obtained hy increasing arc tormlnal energy to componsnlo for 
increased rote of hoot Aow. 
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Overlap and Penetration. — ^ICxaminalion of the boundary 
line b(*twe(5ii the deposited and plate metals in A and B, Fig. 
40, reveals Unit tlic penetration deevensos in both directions 
from the center of the layer, no fusion being evident at the 
edges of the deposit, the contour betraying the extent of this 
overlap. As shown in 0 the penetration may be estimated from 
ibe crater depression. 

An exaggerated overlap obtained in welding a mild-steel 
plate with a high-carbon-content steel rod, having a lower melt- 
ing point than the plate, is shown in D, The re-entrant angle 
of the deposit edge is plainly evident. E illustrates a condi- 
tion of no overlap in depositing metal from a mild-steel elec- 
trode upon a cast-iron plate having a lower molting point. 
Ti' and 0 show respectively the effect of using loo-low and loo- 
bigh arc currents. 

The effect of heat conductivity, heat-.storage capacity, ex- 
mnsion and contraction of the parent metal and eontraciion 
if the hot-deposit metal must be stiiclicd. 

Heat Oonduotivity and Capacity. — ^Mie effect of any of 
these factors is to increase the how of thermal energy fi*om the 
plate arc terminal and therefore to reduce the amount of metal 
liquefied. To maintain a given rale of welding speed it there- 
for bccomc.s necessai’y to incr(;asc the arc current with incroaso 
lU thickness or area of joint. 

A welding current of 150 amp. will produce satisfactory 
penetration on welding tbo apex of scarfed plates I in. thick 
diown ill Hi If the joint is backed by a heavy stool plate, 
ncrcasing thereby liolh its thermal capacity and conductivity, 
i higlior currimt, in the neighborhood of 175 amp. to 200 amp., 
will be rcqttired for the same penetration. TC a lap joint is 
nade as in I and the same current used as in II, the flow of 
leal will bo so rapid that poor fusion will result. By inereas- 
ng tlic current to 225 amp,, J, the desired penetration, as 
ndicated by crater depth, ivill he obtained with the main- 
.eiianeo of a high welding speed. 

Expansion and Contraction of Parent Metal. — -The welding 
>poration necessarily raises the lempcratiiro of the metal adja- 
iciit to the joint, producing strains in the structure if it docs 
lot expand and contract freely. This condition is particularly 
narked when welding a crack in a large shoot or plate. The 
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plate in the region of the woldod scetion expands, tlie strains 

produced ]’oact on the cold metal at the end of the crack 

to open it further, with the result that as the welding proceeds 

the plate continues to open at a rate about equal to the welding 

speed. One inexperienced welder followed such an opening for 

7 ft. before adopting preventive measures. The simplest of 

these is to drill a hole at the end of the crack and follow an 

intermittent welding procedure winch will maintain the plate 

at a low temperature. Under exceptional conditions, such as 

welding cracks in heavy cast-iron plates or cylhiders, it is 

advisable to preheat and anneal the regions sti’esscd. A second 

example is offered by the warping obtained on building np the , , ^ 

diameter of a flanged shaft. The face of the flange adjacent 

to the shaft becomes hotter than that opposite, producing 

internal stresses which warp the flange to a mushroom shape. 

Preheating of the flange will prevent tliis. 

Contraction of Deposited Metal. — The contraction of de- 
posited metal is tlie most frequent cause of j’esidual stress in 
welds and distortion of the members welded. The magnitude 
of “locked-in*' stresses depends upon the welding procedure 
and the chemical constituents of ijarent and deposited metals. 

If the depo.sit is thoi'oughly annealed, pi'ae tic ally no stress will 

remain. On adopting a welding sequence in which the joint 

is formed by running tiers of abutting layers, each nenvly 

applied layer will serve partly to anneal the metal in adjacent 

layers. If raild-sleel plate, with less than 0.20 per cent carl)on, 

is welded in tliis way, the loeked-iii stresses should be less than -i 

5,000 11), per square inch. With increase in carbon content the 

lockcd-in stresses will increase. If welded joints of high-oarbon 

steels arc not permitted to cool slowly, lltey will often fall 

apart when the joint is given a sharp l)low. 

To illustrate this characteristic, the following exereisc.s are 
suggested : 

Exercise 1— -Deposit a layer 3 ft, long on a strip of stool 
about Vio bi. thick, Vs wide, using 150 amp. direct current 
and a Vss'iR- bare electrode, The longitudinal eontraction of 
the deposit will bend the strip of metal as shown in Pig. 41 . 

Exercise 2 — Deposit a layer of metal around the periphery 
of a wr ought-iron tube. The contraction of the deposit will 
cause the tube to decrease in diameter. , ^ 



Fia, i2 , — Rodiiction of ‘‘Froo Distance’’ Caused by Transverse Contraction. 

IlUistratos Uio nocossity of rigidly clamping tho joint monibors, or of nssombling 
fhom by on liicronstng distance from tlio ond to bo iirst woldod, to oqualizo tlio 
inoTomont caused by tho contraotion of tho doposllod motal, If tho dosirod "froo 
dlBtanco” 1 b to bo maintained throughout tho %yolding operation. 


Eicemse 4 — K two plates, ^ in. thick, 6 in. wide and 6 in. 
lonjg, spaced in., arc welded by depositing a short layer 
extending ^ in. from the one end, it will be found that when 
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the deposit has cooled the resulting transverse contraction will 
not only warp the plates as in Exercise 3, but will also draw 
them together as shown in Fig. 42, thereby decreasing the tree 
distance between plates. 

Welding Procedure.— Satisfactory welds will bo obtained 
only when the sections to be Avoided are properly scarfed or 
cut out and the surfaces on Avhich the deposits arc formed 
cleaned before and during the welding operation. The scarfs 
may be macliined or cut Avitli a cold chisel or the carbon arc. 
The surfaces of the deposited layers may be cleaned Avith a 



I’m. 43. — Wolds Showing Poor an<l Good Pimioii. 

Section through onO'hftU of a wolilod Joint showing iioor fusion uljlalnod nt npox 
of V as tho result of assoinhllng liio joint sections without n ‘‘/roo distance.” Suction 
throng]) one-half of a weldod Jol))l allowing oxcollont fusion obtnlnod ns n rosult 
of tlie use of n "froo dlslnnco” of | in., thus ponnltling tho operator to innlnlaln a 
siiort arc when wotdlng tho bottom of tlio Y. Failures of doop wolds inny bo usually 
attributed to tho use of too small a "froo distance,” low welding current, Improper 
cleaning of ncorf faces or incomplete slag flolotlon. 


chisel or wirebrush, although the use of a sandblast is prefer- 
able. . The joint sections should be separated by a free distance 
of about J in. in order that the bottom of the V may bo acces- 
sible to the welder. 

The scarf angle and free distance vary inversely. Botli 
arc determined by the depth of the V. If tlio character of tho 
Avork is such that it is not practicable to separate the joint 
sections, the V should be cut at the bottom to form a 90-dcg. 
angle, this angle being reduced to 60 deg. as tho surface is 
approached} otherAvise the scarf angle may be reduced along 
the entire length to 60 deg., excepting in tlie case of very deep 
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welds. It is usual practice now to scarf plate welds to 60 deg. 
and soxiaratc the sections in. for V’s up to ^ in. in depth. 

At the left in J^ig. 43 is shown tlie poor fusion obtained 
at the bottom of the V on welding a 1-in. square bar, scarfed 
60 deg., without the use of a free distance. At the right is 
shown Ihc satisfactory union obtained witli the use of free 
distance of ^ in. ‘Whenever a butt joint is accessible to hori- 
zontal welding from both sides, it is preferable to scarf the 
sections lo a double-bevel, double-I^ joint. 

The choice of arc cixrrcnt is determined l)y the thermal 
conductivity and capacity oC the joint as previously discussed, 
a convenient criterion being the depth of arc crater. The 
arc current selected should be oT such a value that on welding 
the given sections the depth of the arc crater or ‘‘bite” is 
iK'ver loss than Vio hi. 

Electrode Current Density. — To maintain a unifoi’m flow 
of the metal, neither too slow, which causes excessive penetra- 
tion, nor too fast, which produces excessive overlap, an elec- 
trode} diameter should be chosen such that the eurront density 
is approximately 8,000 amp. per square ineli. For the u.sual 
sizes of bai*(‘ wire available this corresponds to the following 
welding curi’ents : 


/■ Ak! 

Chirrcnl (Amp.) ^ 

Electrodo 

Normal 

Maximum 

Mi aim inn 

Diiunotor (in.) 

225 

276 

100 

3/lfl 

155 

100 

125 

5/32 

too 

125 

70 

1/8 

GO 

70 

45 

.3/32 


If covered electrodes are used, the direct-current rating for 
the wires should be decreased roughly to 60 per cent of these 
values. If bare wires are used on alternating current, the 
rating should be increased from 20 to 40 per cent. 

'I'ho first layer sliould thoroughly fuse the apex of the V. 
■Wherever possible inspect the reverse side, as the dcpo.sitcd 
metal should appear projecting through. Subsequent layers 
should bo fused then to the preceding layers or to the scarfed 
face. The flnal surface should be from V,o to Vs iR- above 
lhal of the adjacent sections. This welt increases the strength 
of the joint or permits the joint surface to be macliined to a 
smooth finish. If the weld is to be oil-tight, the metal pi'oject- 
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iiig tlirotigli llic abutting sections on the reverse side as a result 
of the first step in filling tlie section sbouki bo cliippcd out 
and the resulting groove filled with at least one layer of 
deposited metal. Tliis extension of the procedure is frequently 
used in the welding of doublc-bovcl joints where the joint is 
to have a “100 per cent” strength. 

If a vertical seam is to be welded, sufficient material should 
first bo deposited to produce a shoulder so that the added 
metal may be applied on an almost horizontal surface to facili- 
tate the welding operation. 

If an overhead seam is to be welded, the operation is sim- 
plified by placing on the upper side of the joint a heavy steel 
plate covering the apex of the V. A shoulder is then formed 
by an initial deposit of metal, the operator continuing to add 
metal to tlie corner so produced and the vertical face of the 
shoulder. 

The considerations pointed out under the section on thermal 
characteristics determine whether it is necessary to preheat 
and anneal the joint. The method used in filling the scarfed 
section is determined by the preference for either the rigid or 
non-rigid system. 

When using the rigid system both sections of the joiiit are 
clamped firmly to prevent either member from moving under 
the stresses produced by the expansion and contraction ob- 
tained during the welding operation. If a proper w(!lding 
sequence is not followed, the accumulation of “locked-in” 
stresses on cooling may be sufficient to rupture the welded 
area. To minimize these stresses it is the u.sual practice to 
tack the plates together at the apex of the scai‘f with short 
deposits at about 1-ft. intervals, and then to depo.sit single 
layers in alternate gaps, each tier being completed before add- 
ing a second tier at any section. This procedure lojuls to 
maintain a low average temperature of the joint and plate, 
thereby decreasing the amount of expansion, while the deposi- 
tion of the metal in layers serves partly to anneal the metal 
beneath and materially reduce “locked-in” stresses. 

In the non-rigid system both members of the joint arc free 
to move. To prevent the edges of the plate from overlapping 
or touching as shown in Fig. 42, the initial free distance is made 
great enough to equalize the movement of the plates caused 
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by the contraction of the liot deposited metal. On welding 
long scams of |-in. plate the contraction is limited by main- 
taining a spacing block in. wide, approximately 1 ft. ahead 
of the welded section. Witli a “free distance” of in, the 
contraction stresses draw the plates together a distance of 
in. This modification converts the non-rigid into a semi- 
rigid system. 

Inspection. — No direct, non- destructive means are available 
for readily determining the strength and ductility of welds. 
A number of indirect metliods, however, arc in commercial 
use which give a fair measure of weld characteri.sties if intel- 
ligently applied. They consist in estimating the degree of 
fusion and poro.sity present by cxntically inspecting tlie surface 
of each layer and in noting the depth of liquid penetration 
through the completed section. 

In examining each layer the amount of oxide present, 
smoothness and regularity of the surface, its contour, freedom 
from porosity and depth of crater should bo noted. After a 
little experience these observations will give the inspector a 
good indication of the manipulative ability of the weldor and 
of the dcgi’cc of fusion obtained, as discussed above. 

A succession of unfiised zones will prodxxce a leaky Joint. 
These sections may 1)0 detected by flooding one surface of 
the joint with kerosene, using a retaining wall of putty, if 
necessary, as the liquid ponetratoa through the linked areas 
and emerges to stain the opposite side. 

Brief Terminology, — The following terms are used most 
fi’cqucntly in arc welding: 

l<'ree dislaixoc . — Tlio amoiint that the joint apctions ai'o soparntod boforo 
welfling. 

Ovorlap . — Tho area of deposited niotal iliat is not fused to tho parent 
metal. 

Varent moiah — Tho original motal of tho joint sections. 

Fonetration. — TIio depth to which tho parent motal is molted by tho are 
— gagod by tho depth of tho are eralov. 

Ileoession . — Tho distance botwoon tlio original scarf lino and tho avorago 
(loptli of ponotration parnllcl to this lino obtained in tlio complolod wold. 

Ito-cnirant aixffle. — Tho angle botwoon tho original surfaoo of tho parent 
motal and tho overlapping, imfiisod deposit odgo. 

Hoarf. — Tho chamfered surfaeo of a joint, 

Taoh , — A sliort deposit, from i to 2 in. long, whicli serves to hold 
tho Boctions of a joint in placo. 
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Weavittf/,' — somi-circulnr motion of tlic me torminjil to tJio right aiul 
left of the direction of deposition, which serves to incicmso the width of 
tho deposit, docieaso overlap and assist in sing notation. 

The material oxtending beyond tho siirfaco of the wold shanks 
to reinforeo tho weld. 


Questions and Answers 

What docs the welder’s equipment consist of? 

Welding generator, electrode holder with cables, welding booth, helmet 
or shield, gauntlets, high shoos witli liollows tongue, heavy clothing or 
leather apron, proper electrodes. 

What is tho most important precaution tho operator should obsorvo? 

To protect his eyes and body from tho ladiant enoigy omitted by tho 
arc. 

IIow 18 tho operator prevented from drawing too long an are after 
tho oleetrodo "ficczes” to tho work'? 

By twisting tlio wrist sharply lo the right or loft, tlicrohy shonriiig the 
fused area, 

AVhat is tho essential factor in securing tho mainlonnneo of tho are? 

Tho electrode should bo advanced to the work at the rate at which it 
is being molted. 

What is tho test of an operator’s nianipulntivo ability? 

IIo should bo able to hold an arc no longer than J in., having n vollago 
across it less than twenty-flvo during the period required to deposit the 
metal from a '/aa'i"- diameter bare clectrodo, 12 in, long on IfiO amp. 
direct current. 

What is meant by "freo distance,” “overlap,” “parent metal,” 
“penetration,” “I'cccssion,” “ro-ontrant angle,” “scarf,” “tack,” 
“weaving” and “wolt”? 

Given under “Terminology,” 

What function does tho arc perform? 

II transforms electrical energy into Thermal energy. 

What polarity should tho weldor iiso on welding all but thin sections 
with haro electrodes? 

Tho pencil electrode should bo negative, 

Ilow may tho amount of oxido formed bo reduced to a niininutin? 

By holding a short arc and the nso of electrodes containing a small 
quantity of carbon (0,18 per cent) and manganese (0.50 per cent), 

IIow may an operator dotermino the degree of fusion obtained (a) by 
inspecting tho surface, (b) by inspecting tho cross-scctlon of deposit? 

(a) By examining tho contour of tho surface, noting tho ro-ontrant 
angle and estimating the overlap j observing tho depth of crater and 
estimating tho penetration. 

(b) By directly observing tho depth of penetration of rocession, tho 
overlap and porosity or blow holes. 

What are tho factors in arc welding that dotermino tho degree of 
fusion? 
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Aro cun'ont, arc length, electro do current density, electrode material, 
fi’eodom of wold from oxides. 

How may a weldor dotennino Avhon ho is using tho proper welding 
current? 

Jly tho depth the arc molts tho material welded. Tho crater should 
Ijo not less tlian 7,0 in. in depth. 

Wluit is tho most important thermal characteristic eneoimtorod in 
welding? 

Contraction of tho hot deposit. 

How may strains produced ))y this characteristic be minimized? 

By adopting a correct welding procedure, either non-rigid or rigid, 
which 8 crvc.s partly to anneal the metal and reduce “ lockod-in ' ’ stresaes. 

"Wliat is tho ofCoct of holding too long an arc with tho inotalllc eloctrodc? 

Tho iiso of a long aic produces a poor deposit, duo to insuflicicnt 
penetration, and also produces a largo amount of oxide which reduces both 
the stioiigtli and ductility of tho joint. 

What size of bare electrodes eorrosponda to welding currents of 
approximately 225, 150, 100 and GO amp. on welding with direct current? 

Sizes 7io» V» Vsa I’ospcctivcly. 

IIow should joint aoctioms bo prepared for welding? 

Tho surfaces should bo cleaned thoroughly and tho faces of tho Joint 
scarfed to an angle of GO to 00 degrees with tho edges separated a fioo 
distance of approximatoly J in. in tho rigid welding process, and an addi- 
tional 7 jo per foot from tho point wolded for each foot length when 
using tho non-rigid system. 

Wliat surface characteristics denote fusion? 

Surface porosity, amount of oxide coating, depth of arc crater, surface 
contour, compactness, regularity and re-entrant angles, 
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CARBON-ELECTRODE ARC WELDING AND CUTTING 

In the JLineiican Machinist of Sept. 9, 1920, 0. JI. Plseholz, 
research engineer of the Westinghouse Electric & Manufac- 
turing Co., dealt with the various phases of carbon arc welding 
and cutting as follows : 

Carbon or graphite electrode arc welding is the oldest of 
the electric fusion arc processes now in use. I'lie original 
process consisted in drawing an arc between the parent metal 
and a carbon electrode in such a manner that tlio thermal 
energy developed at the metal crater fused together the edges 
of the joint members. This process was early modified by add- 
ing fused filling metal to the molten surface of Urn parent 
metal. 

The equipment now used consists of a direct-current arc- 
circuit possessing inherent means Cor stabilizing tlic carbon 
arc, a welding hood for the operator, an electrode holder that 
does not become uncomfortably liot in service and suitable 
clothing such as bellows-tongucd shoes, gauntlets and apron of 
lieavy material. 

When arc currents of less than 200 amp. arc used, or when 
a grapliite arc process is employed intermittently with the 
metallic electrode process, the carbon-holding adapter shown 
in Fig. 44 may be used with the metallic electrode holder, the 
shank of the adaptor being suhstituted for the metal electrode. 
With very high arc currents, 750 amp. or more, special holders 
should be constructed to protect the operator from the intense 
heat generated at the arc. Typical holdoi’s arc shown in Figs. 
45 and 46. 

Electrodes. — ^Although hard carbon was originally employed 
for the electrode material, experience has shown that a lower 
rate of electrode consumption as well as a softer weld may be 
obtained by substituting graphite electrodes. While both clce- 
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trodes have the same base and binder, the graphite electrode 
is baked at a sufficiently high temperature (2000 deg. 0.) to 
graphitizo the binder, thereby improving the bond and the 
iiomogcneity ol the electrode. The graphite electrode is readily 




Pro. 44.' — ^Ailaptci’s for Using Carbons in Motallic-Hloclroilo Holder 


Eio. 46. — Motallic-Elocti’odo Iloldor, 



Pig. 46, — Carbon- or Orapliite-Eloelrodo Iloldor, 


distinguishable by its gi’casy “feel” and tlie characteristic 
streak it makes on paper. 

The diameter of the electrode is determined partly by the 
arc current. To fix the position of the carbon arc terminal, 
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thereby increasing arc stability and arc control, all electrodes 
should be tapered. This precaution is particularly important 
when using low value of are current or wlieii maintaining an 
arc under conditions which cause distortion and instability. 
The following table gives electrode diameler.s in most comiiiou 
use with various arc currents : 


Amperes 


50 

to 

150 

150 

to 

300 

300 

to 

500 

500 

to 

750 

750 

to 

1000 


Piainotor 

I in. tnpoml to J in. 

II in. tapered to Jlj in. 

1 111 . Inpeied to J in. 

1} ill. lupored to ft m. 

in. tapered to J in. 


Filler Material. — A strong, soinul weld cjin be obtaint'd only 
by using for filler metal low-carbon, eoniinercially pure iron 
rods having a diameter of § in, or i in., depending on the 
Welding current used. Cast iron or manganese steel tllh'r rods 
produce hard welds in which the fusion Ix'tweeu the parent 
and added metals may be incomplete. Hhort rods of scrap 
metal, steel turnings, etc., arc Crequcntly made use oC for filler 
metal when the purpose of tlic welder is merely to fill a hole 
ns rapidly as possible. It should bo understottd that wolds 
made with such metal are weak, contain many Itlowhoh'S and 
are frequently too hai'd to machine. 

It is as dillfieiilt for the nscr of graphite arc processes as 
it is for the oxy-aeetylcnc welder to estimate the degree of 
fusion obtained between deposited and parent metals. There- 
fore the operator must follow conscientiously the correct pro- 
cedure, recognizing that the responsibility of executing a faulty 
Avoid rests solely Avilh himself, lie should, of eourse, have a 
Avorldng knoAvlcdgc of metals, imist he able to dislingnish 
colors and possess a fair degree of muscular (to-ordinalion, 
although the manipulative skill required is less than that neces- 
sitated by the metallic electrode process. 

For graphite arc welding employing a filler the correct 
posture is illustrated in Fig. 47. The filler rod is hUoavu grasped 
by the left hand Avith tlic thumb uppermost. 'Wlicn luild in 
this position tlic Avcldor may use the rod to brush off slag 
from the surface of molten metal or to advance the rod into 
the arc stream. 

The surfaces to bo Avoided sliould he chipped clean. ’Where 
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they are scarred tlie angle should bo wide enough to enable the 
operator to draw an arc irom any point witliout danger of 
short-circuiting the arc. It is the practice of some welders 
to remove sand and slag from tlie metal surfaces by fusing 
them with tlie aid of the arc and then striking the fluid mass 
with a ball-peen hammer. This method should be discouraged 
.since both operator and nearby workmen may be seriously 
injured by the flying hot particles. 

Arc Manipulation. — The arc is formed by withdrawing the 
graphite electrode from a clean surface of .solid metal or from 
the end of the filler rod when it is held in contact with the 



parent metal. If the arc is formed from the surface of the i 

deposited metal or from that of a molten area, slag particles 
may adlicrc to the end of the electrode, deilccting the arc and 
increasing the difficulty of manipulating it. ] i 

By inclining the electrode approximately 15 deg. to the ';j 

vertical the control of the position, direction and speed of the ’ ’■ 

are terminal is facilitated. When the electrode is held ver- I' 

tically irregularities in the direction and force of convection I'j 

currents deflect the arc first to one side and then to another, 
causing a corresponding movement of the metal arc terminal. 

By inclining the graphite eloclrodc the deflecting force is con- 
stant in direction, with the result that the electrode arc sti’cam 
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and arc terminal remain approximately in line, as shown in 
Fig. 48, and may then be moved in any direction or at any 
speed by a corresponding movement of the graphite electrode. 

Polarity. — ^It is common knowledge that the positive 
terminal of a carbon are is hotter and consumes more energy 
than the negative terminal. If the graphite electrode of tlic 
welding arc is made the positive terminal, energy will be nsc- 



Pie. 48. — Position of Blcetrodo and Clmraetonsties of ll>o Arc. 


lessly consumed and the resulting higher tomperaturo will 
increase the loss of carbon through excessive oxidation and 
vaporization. Moreover, for reasons well known to those 
familiar with the phenomena of arc formation, a very unstable 
arc is obtained with the iron parent metal functioning as the 
negative electrode. The grai)hitc electrode should therefore 
always bo connected to the negative terminal, reversal of 
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polai'ity cletoctod when llio arc is clifflenlt to hold and 

when the carbon becomes excessively hot. 

Arc Length. — Even wlien the graphite electrode serves ns 
the negative arc terminal, its temperature is great enough to 
cause vaporization of a considerable quantity of carbon. If 
this carbon is poi’inittcd to bo transferred to and absorl)od 
by the fluid metal, a hard weld will I’esult. To insure a soCt 
metal practieally all of the volatilized carbon should be oxid- 
ized. This may be accomplished by regulating the arc length 
so that atmospheric oxygen will have ample time to diffuse 
tlirough the arc stream and eom])ine with all of the carbon 
present. The correct are Icngtli i.s^ep.endent upon the welding 
current and the degree of confinement of the arc. Since the 
arc diameter varies as the square i‘oot of the current the arc 
length should be increased in in-oportion to Ibe square root of 
the current. It is also obvious that when an are is drawn 
from a flat, open surface the vaporized earl) on is more acces- 
sible to tile atmospheric gases tliau when it is inclosed by the 
walls of a blowhole. Tliis means that to secure the sanie a?nount 
of oxidized carbon under both conditions the confined arc 
should be the longer. Many weldei's are not familiar with 
thi.s phenomenon, with tlic result that molal deposited in holes 
or corners appears to ho inexplicably hard. 

The length of a 250-amp, arc should not he less than J in. 
and that for a 500-amp. arc shoxild not he les.s than in. when 
drawing the arc from a flat surface. The maintenance of 
excessive arc lengths causes the diffusion, through eonveetion 
currents, of the x^J'otecting envelope of cai'lion dioxide, witli 
the result that the exi^osed hot metal is I’apidly oxidized or 
‘'burned.’’ For most purposes a 250-amp. arc should not 
exceed a length of 1 in. and the length of a 500-amp, are should 
not exceed in. In view of the large variation p(*i'mis.sil)le, 
the welder should bo able to maintain an are lengtli which 
a.ssarcs a soft weld metal with ])ut little slag content. 

The are serves to transform electrical energy into tluo’mal 
energy. The energy developed at the metal terminal oi’ ai-c 
crater is utilized to molt the parent metal, wliile tliat generated 
in tho arc stream servos to melt the filling material. If tlio 
molten filler is not properly guided and, as a consequence, 
overruns the fused parent metal, a poor weld will result. This 
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in’ocoss jioeossitatus, there fore, a constant observation of the 
distribntion of the fused metals as well as a proper control 
of the direction of flow and speed of deposition of tlio filling 
metal. 

There are two methods in use for adding the fillei' with a 



Fici. 40. — starting to Build Up a Siu'facQ. 


minimum overlap. One is culled the ‘^puddling*’ process. It 
consists ill melting a small area of the parent metal, thrusting 
the end of the filler rod into the arc .stream, where a small 
section is melted or cut off, withdrawing the rod and fusing 
the added material witli the molten parent metal by imparting 



Fio. BO. — Binlding-Up Proccaa Nrmly (.'omplcLcd. 


a rotary motion to the arc. Tliia puddling of the metals serves 
also to float slag and oxidized material to tlie edge of the 
fused area, wlierc they may be bruslicd or chipped off. 

Tlie rapid building up of a surface by this metliod is shown 
in Fig. 49. The short seeiion.s of filler rod were welded to 
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the sides of tlic casting in ordoi* to prevent the molten material | 

from overflowing and to indicate the required heiglit oC the C 

addition. Tlic appearance of the nearly completed "fiir’ is 
shown in Mg. 50. One side of tlic added metal is lower than ; 

fclie others to facilitate the floating off of the slag, some of 


Ejg. 61. — Section Through a Built-Up Wold. 


' J 

I’m. 68. — ^Mothod of Bopoaiting Eilling Mntorinl in Layora. « ’ 

which may ho observed adhciing to the edge of the plate. 5 

Mg. 51 shows a section through a weld produced in this man- « ■ 

nor, tho continuous line indicating the zone of fusion and the [ 

hroken line the boundary of crystal structural change produced L 

by the temperature cycle through which the parent metal has 
passed as a result of the absorption of tho arc energy. f] 
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Some users of this method advocate puddling* short sections 
of the filler rod, 1 to 3 in, in length, with the parent metal. 
Whore this is done, the filler may bo incompletely fused and 
therefox'e not welded to the surface oX the parent metal. 

Ill the second method the filler material is deposited in 



Pio, 63. — Layora of Deposits Bmoothed Over, 



ElO. 64. — FiigecI Ends of Filler Hods. 


layers, as shown in Figs. 52 and 53, the deposits being similar 
to those obtained with the metallic electrode process but wider 
and higher. In these examples a welding current of 250 amp. 
with a filling rod | in. in dia. were used. Tliis method simply 
requires the operator to feed the filling rod continuously into 
the arc stream so that the molten filler deposits on the area 
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of parent metal fused by the arc terminal while the arc travels 
across the surface. If the end of the rod is moved forward 
while resting on the surface of the newly deposited metal, 



PlO. 66. — Showing tlio Eusion of Parent Motal and Pour Lnyora, 


most of the slag produced by the oxidation of the hot metal 
is floated to the sides of the deposit, whore it may be brushed 
or chipped off. 

The appearance of fused ftllor rod ends when correctly 
manipulated is shown in Fig. 54. Slag may bo observed still 



Pifl. 64. — ^Flanged Edges Weldod with Graphite Arc, 


adhering to the bottom of one of the rods. The fusion between 
parent and added motal is shown in Fig. 65. Four layers of 
added motal are shown at the upper surface. 

To remove slag or improve the appearance of tlie deposits 
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the surface of the added metal may be rcmeltod by running 
the arc terminal over it, provided “burning'’ and liardening 
of the metal is avoided, Figs. 52 and 53 illustrate plainly the 
appearance of deposits before and after the suid'acing operation. 

The expedient of hammering or swaging the liot deposited 
metal is frequently resorted to where a refinement in the struc- 
ture of the crystal grains is desirable. 

Flanged Seam Welding. — Fig. 56 illustrates a useful appli- 
cation of the original carbon-arc process wlicrein no filler metal 
is used, the metal arc terminal serving to melt together the 
flanged edges. 

This process is easily performed, To obtain adequate fusion 
the arc current selected sliould have such a value that the 
metal-arc crater nearly spans the edges of the seam. To assure 
the maintenance of a stable arc a small, tapered electrode 
should be employed, tlie diameter of the electrode end remain- 
ing less than ^-in. during use. 

This graphite arc process is used occasionally to form butt 
and lap welds by melting together the sides of tlie joint without 
the use of filler metal. Examination of sections tlu’ougli joints 
made in this manner reveals that the weld is vei-y shallow and 
therefore weak. 

Welding of Non-Ferrous Metals.— Copper and hronxes liave 
been successfully welded with the graphite a 7 -e wlnm employ- 
ing a bionze filler rod low iii tin and mne and liigh in phos- 
phorous, at least 0.25 per cent, The best filler material for 
tlie various analyses of parent metals has not lieon detiirmincd, 
but it is recognized that the presence of some deoxidizing agent 
such as phosphorus is necessary in order to insure sound wolds 
free from oxide and blowholes. Since coppi'r and its alloy.s 
have a high thermal capacity and conductivity, preli eating of 
tlie structure facilitates the fn.sion of the joint surface's. The 
grain of the completed wold may be refined liy subjecting the 
metal to a suitable mechanical working and temperature cycle. 
Low-melting-point metals such as lead may be welded by 
holding the graphite electrode in contact with tlie surfaces to 
bo fused without drawing an arc, the current value used being 
suffleient to heat the end of the carbon to inoandeseenee The 
hot electrode tip may also be used to molt the filler rod into 
the molten parent metal. 
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Application. — The graphite arc processes may be used for 
the following purposes; 

(1) 'Welding of cast steel and non-ferrous metals. 

(2) Cutting of cast-iron and cast-steel risers and fins and 
non-ferrous metals. 

(3) Rapid deposition of metal to build up a surface or fill 
in shrinkage cavities, cracks, blowholes and sand pockets where 
strengih is of minor importance. 

(4.) irusion of standing seams. 

(5) Melting and cutting of scrap metal. 

(6) Rcmeltiiig of a surface to improve its appearance or fit. 



1?IG. 67. — Typical Carbon-Elootroclo Cats In i-In. Ship Plato, 


(7) Preheating of a motal structure to facilitate the welding 
operation, to reduce lockod-in stresses or to alter somo 
dimension. 

(8) Reposition of hard metal or the hardening of a surface 
l)y the inclusion of vaporized carbon, such as rails, frogs and 
wheel treads. 

(9) Automatic cutting and welding of sheet metal, 

Cutting. — The manipulation of the cutting arc is exceed- 
ingly simple, the operator merely advancing the arc terminal 
over the section to bo cut at a rate equal to that at whicli 
the molten metal flows from the cut. The cutting speed in- 
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creases with the value of are current used. The width of the 
cut increases with the arc diameter and tlierefore as the square 
root of the arc current. Fig. 57 shows the appearance of cuts 
made in ship steel plate | in. thick. Tlie following data apply 
in this case j 


Poaition of Out Amp. Widtii; in. Length, in. Time, min. 

Upper 250 0.5 8 2J 

Lower 650 0,8 8 1 


Before cutting this ijlate the welder outlined the desired 
course of the cut by a scries oE prick-punch marks. 

When cutting deeper than 4 in. the electrode should not 
come in contact with the walls of tixe cut and thereby short- 
circuit the arc. 

This process may bo used for cutting both ferrous and non- 
ferrous metals. It has found a particularly useful field in the 
cutting of cast iron, It is often used for the ‘‘burning” out 
of blast-furnace tap holes and the melting or cutting of iron 
frozen in such furnaces. 

CUTTING METALS 

The accompanying charts illustrate the application of Iho 
carbon electrode cutting process with a current value of 350 
to 800 amperes, depending on the thiekue.ss of the metal and 
the speed of cutting desired. A moderate cutting speed is 
obtained at a small operating expense, adapting it particularly 
for use in foundries for cutting ofp risers, sink heads, for cut- 
ting up scrap, and general work of this nature wliere a smooth 
llnish cut is not essential. 

The cross section of these risers, etc., is frequently of con- 
siderable area, but by tlie use of the proper current value, 
they may be readily removed. 

Table IV shows the results obtained from ti'sls in cutting 
steel plate with the electric arc. The curves show the rale 
of cutting east iron sections of various shapes. Fig. 58 shows 
the rate of cutting cast iron plates. Fig. 59 circular cross 
sections, and Fig. 60 square blocks. The curves are based on 
data secured through an extensive series of observations. 
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Eig. 68. — Rato of Cutting Cast Iron Plates, 



Eifl. 69. — ^Bttte of Cutting Cast Iron of Circular Cross Section. 
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Tabuj tv.- 

— Cutting 

Stekl Pi.atks with 

TiiR Cahhon Aro 

Thieltnoss 

Cm mil 

Hpc'od Afimilps 


in Indies 

in Amps. 

Pev Pt. 

Kw.-IIis. Por PL 


400 

.50 

.312 

4 

400 

1.20 

.75 

S 

400 

2.14 

1.34 

5 

400 

3.00 

1.88 

1 

000 

3.75 

3.50 

u 

000 

4.32 

4.10 

2 

600 

0.75 

6.30 

4 

000 

16.00 

15.60 

6 

800 

20.00 

36.20 

8 

800 

40.50 

50.00 

10 

800 

59.00 

74.00 

12 

800 

05,00 

82.00 
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ARO WELDING PROCEDURE 

It is presumed UmL the welder lias a fair knowledge of 
the different processes of lioth cai’boii and metallic arc weld- 
ing, gained from reading tlie previous chapters or from actual 
experience. However, we will recapitulate to some extent 
in order to make everything as clear as possible. Then wc shall 
give some examples of the proper procedure in making welds 
of various kinds. For the descriptions and drawings wc arc 
principally indebted to the Westinghouse Electric and Manu- 
facturing Go., the Lincoln Electric Co., and the Wilson Welder 
and Metals Co. 

In order to prepare the metal for a satisfactory weld, the 
ciitire surfaces to he welded must be made readily accessible 
to the deposit of tlio new metal which is to bo added. In 
addition, it is very essential that the surfaces arc free from 
dirt, grease, sand, rust or other foreign matter. For this 
service, a sandblast, metal wire brush, or cold chisel are recom- 
mended. 

During the i^ast few years groat progress has been made 
in the improvement of steels by the proper correlation of 
heat treatment and clunnical composition. Tlie characteristics 
of high-carbon and alloy steels, particularly, have been radically 
improved. However, no amount of heat treatment will appre- 
ciably impi’ovo or change the characteristics of medium and 
low-earbon steels wliich comprise the greatest field of applica- 
tion for arc welding, khirthcrmore, the metal usually deposited 
])y the arc is a low-carbon steel often approaching commercially 
pure iron. It must be evident therefore that the changes of 
steel structure due to the arc-welding process will not be 
appreciable and also that any subsequent heat treatment of 
the medium- or mild-steel material will not result in improve- 
ments commensurate with the cost. 


81 



82 


ELECTRIC WELDING 


Pre-heating of medium and mild steel before applying ilic 
arc is not necessary and will only enable the operator to make 
a wold with a lesser value of current. 

Ca.st-iron welds must be annealed before machining other 
tlian grinding is done in the welded sections. This is necessary 
because at the boundary between the original cast ii'on and 
the deposited metal there will lie formed a zone of hard, high- 
earbon steel produced by the union of carbon (from tlie cast 
iron) with the iron filler. This material is dulled quite sud- 
denly after tiie weld is made by the dissipation of tlio heat 
into the surrounding cast iron which is usually at a com- 
paratively low temperature. 

Althougli it is not absolutely necessary to prc-lieai east iron 
previous to are welding, this is done^ in some instancies to 
produce a partial annealing of the finislied weld. The pre- 
heating operation will raise the temperature of a largo portion 
of the casting. Wlien tlic weld is completed, the heat in the 
casting will flow into the welded section, thereby reducing the 
rate of cooling. 

Arc Length, — Tlie maintenance of the proper arc length for 
the metallic electrode process is very important. With a long 
arc an extended surface of the work is covered probal)ly caused 
by air drafts with the result that there is only a tliiii deposit 
of the new metal with poor fusion. If, liowevor, tlie arc i.s 
maintained short, much better fusion is obtained, the now 
metal will be conftned to a smaller area, and tlie burning and 
porosity of the fused metal will be reduced by tlio greater 
protection from atmospheric oxygen afforded by the envelop- 
ing inert gases. Witli increase in arc length, the flamc} becomes 
harder to control, so that it is impossible to adequately protect 
the dcpo.sited metal from oxidation. 

The arc length should be uniform and just as sliort as it is 
pos.sible for a good weldor to maintain it. Under good normal 
conditions the are length is such tliat tlio arc voltage never 
exceeds 25 volts and the best re.suU8 arc obtained between 
18 and 22 volts. For an arc of 175 amp. tlio actual gap will 
be aboal ^ incli. 

Manipulation of the Arc.-— The are is established by touch- 
ing the electrode to the work, and drawing it away to ap- 
proximately i in., in the case of tlio metal lie electrode. Tliis 
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is best clone by a dragging touch with the electrode slightly 
out oX vertical. The electrode is then held approximately at 
right angles to the surface of the work, as the tendency is 
for the heat to go straight from the end of the electrode. This 
assures the fusing of the work, provided the proper current 
anti are length have been uniformly maintained. 

A slight semicircular motion of the electrode, which at the 
same time is moved along the groove, will tend to float the 
slag to the top better than if the electrode is moved along a 
straight line in one continuous direction and the best results 
arc obtained when the welding progresses in an upward direc- 
tion. It is necessary in making a good weld to “bite” into 
the work to create a perfect fusion along the edges of the 
weld, while the movement of the electrode is necessary for the 
removal of any mechanical impurities that may be deposited. 
It is tlie iiractice to collect the slag about a nucleus by this 

\ W i 
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3?I0. Gl. — Diagram Illustrating Pilling Sociuoucg. 

rotary movement and then float it to the edge of the weld. 
If this cannot be done, the slag is I'omoved by chipping or 
brushing with a wire brush. 

Filling Sequence. — When making a long seam between 
plates, the operator is always confronted with the problem 
of expansion and contraction which cause the plates to warp 
and produce internal strains in both plates and deposited 
material. 

The method of welding two plates together is shown in 
Fig. 61. Tlie plates arc prepared for welding as previously 
dcseril)ed, and the arc is started at the point A. Tlic welding 
then progresses to the point B, joining the edges together, to 
point D and back to A. This procedure is carried ou with 
the first layer filling in a space of 6 or 8 in. in length, after- 
ward returning for the additional layers necessary to All the 
groove. This method allows the entire electrode to be deposited 
without breaking the arc, and the thin edges of the work are 
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not fuse cl away as might ]k' tlie ease il the operator should 
endeavor to join these edges by moving tiic electrode in one 
continuous direction. This metliod also prevents too rapid 
chilling witii consequent local strains adjacent to the weld. 

When making a long seam weld, for example, a butt wold 
between two plates, tlie two pieces of metal will warp and have 
their relative positions distorted during the welding process, 
unless the proper method is used. 

A method was devised and has been suceessfully iiui into 
operation by E. Wanamakcr and 11, It. Pennington, of the 
Chicago, Rock Island and Pacific R.R. lly their method the 



Eia, 02. — Diagram Illiislrating Back-Htop Molliod. 


plates arc fastened together by light tack welds about 8 in. 
apart along tlie whole seam. The operator then makes a com- 
plete weld between the first two tacks as desci’ibed in iho 
preceding paragraph, and, skipping three spaces, welds between 
the fifth and sixth tacks and so on until llic end of the scam 
is reached. This skipping process is repeated by starting be- 
tween the second and third tacks and so on until tlic complete 
seam is welded. The adoption of this m(!thod permits the heat, 
ill a restricted area, to bo dissipated and radiated before addi- 
tional welding is performed near that area. Thus the wold is 
made on comparatively cool sections oC the plates which keeps 
the expansion at a minimum. 
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Anoihei’ method very similar to the preceding one, is known 
as llie back-step method, Fig. 62, in which the weld is performed 
ill sections as in the skipping process. After the pieces are 
tacked at intervals of 6 in. or less for short seams, the arc 
is applied at the second tack and the groove welded back 
complete. to the first tack. Work is then begun at the third 
tack and the weld carried back to the second tack, practically 
completing that section. Each section is finished before start- 
ing the next. 

Fig. 63 shows the procedure of welding in a square sheet 
or patch. Work is started at A and carried to B completely 
welding the scam. In order that work may next be started 
at the coolest iioint, the bottom seam is completed starting 
at B, finishing at 0. The next seam is A to D, starting at A, 

B A 


d D 

Eia. f)3.-— Diagram TlUistraling Hquaro Patch Method. 

The last seam is finished, starting at B, and completing the 
iveld at O. 

Alternating-Current Arc Welding.— Direct current has been 
ns(‘d for arc welding because of the fact that it possesses cer- 
tain inherent advantages that make it especially adaptable for 
this cla.ss of work, However, the use of alternating current 
for arc welding has found a number of advocates. 

When employing this form of energy, nsc is made of a trans- 
former to reduce the distribution voltage to that suitable for 
aijplicatioii to tlie weld. 

Inasmuch as Ilic arc voltage is obtained directly from the 
distribution mains through a transformer, the theoretical effi- 
ciency is high compared with the direct-current process which 
requires the introduction of a motor-generator or resistor or 
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both. The efficiency oX the a.c. equipments now on tlio market 
ranges from 60 to 80 per cent. The transformer, however, 
is designed to have a large leakage roactanee so as to furnish 
stability to the arc, which very materially reduces its efficiency 
when compared with that of the standard distribution trans- 
former used by lighting coinpanies. 

It is difficult to maintain the alternating arc wlion using 
a bare electrode though tlii.s difficulty is somewhat relieved 
when use is made of a coated electrode. 

Quasi Arc Welding. — The electrodes used in quasi arc weld- 
ing are made by the Quasi Are Weldtrodo Co., Ilroolclyn, N. 
Y., and are known as “weldtrodes.” A mild-steel wire is used 
with a very small aluminum wire running lengtliwise of it. 
Around the two is wrapped asbestos tlu’ead. Tliis asbestos 
thread is held on by dipping the coml)ination into something 
similar to water glass. Either a.c. or d.c. may bo us (id, at a 
pressure of about 105 volts, with a suitalile resistance for 
regulating the current. Tlio company’s directions and claims 
for this process are: “Tlio hai’ed end of the weldtrode, held in 
a suitable liolder, is connected to one polo of the current supply 
by moans of a flexible cable, tlie return wir{i l)eing connected 
to the work, In tlic case of welding small articles, tlu! worlc 
is laid on an iron plate or bench to whicli ilio return wire is 
connected, Electrical contact is made by toucliing the work 
with the end of the weldtrode held vertically, thus allowing 
current to pass and an arc to form. The welcUrod(i, still k(*pt 
in contact with the work, is then dropped to an aiiglo, and a 
quasi-arc will be formed owing to the fact tluil Llic special 
covering passes into the igneous state, and us a secondary 
conductor maintains electrical connection Ijctwcen tin; work 
and the metallic core of the weldtrodo. The action once started, 
the weldtrode melts at a uniform rate so long as it rcmiains 
in contact, and leaves a seam of metal fused into the work. 
The covering material of the weldtrodo, acting as a slag, floats 
and spreads over the surface of tlio weld as it is formed. Tlie 
fused metal, being entirely covered liy the slag, is protected 
from oxidation. Tlie slag covering is readily chipped or 
brushed off when the wold cools, leaving a briglit clean metallic 
surface. Iii welding do not draw the weldtrode along the, 
seam, as it is burning away all the time, and therefore it is 
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only iKJCC'ssary to Xccd it clown, but do this with a slightly 
lateral movement, so as to vSpread the heat and deposited metal 
equally to both sides of the joint. Caro must be taken to keep 
feeding down at the same rate as the weldtrodo is melting. 
On no account draw the weldtrode away from the work to 
make a continuous arc as this wilt result in putting down 
bad metal. The aim should be to keep the point of the weld- 
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Pia. fl‘l, — Typical JCxainplcs of Prepared and Pinishod Work. 


trodc just in the molten slag by the feel of the covering just 
rublnng on the work. By closely observing tlie operation, the 
molten metal can easily be distinguished from the molten slag, 
the metal being dull red and the slag very bright red.” 

The weldtrodes arc supplied ready for use in standard 
lengths of 18 in., and of various diameters, according to tho 
sixe and nature of the work for which they are required. 
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Typical Examples of Arc Welding’. — The examples of weld- 
ing shown in Pigs. 64, 65 and 66 are taken from the manual 
issued hy the Wilson Weldor and Metals Co. Tliey will be 
found very useful as a guide for all sorts ot work. Pig. 64 



Befbre Befbre Before Before 



shows miscellaneous plate or slicet job.s, Pig. 65 sliow.s tube 
jobs, wliile Pig. 66 gives examples of locomolive-framo and 
boiler-tube welding. 

As a basis for various welding calculations the following 
data will be found of use: On straiglit-away welding tlio 
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OL'dinary operator with helper will actually weld about 75 per 
cent of the lime. 

The average results of a vast amoitni of data show that an 




/n tvcMing flueu the flectnc Arc process, the Hue sheet met flues 
mu it m oft ca^es 'hcenfuefy from sca/e, rust or other foreign matter, 

J/tf^ CKomptes sfiawr, represent met hods that hare given good results, 

Put ntav I’C vancrl to meet different conditions, nw proper heat vatue 
to Ctnptojf and amount of me tat to nppty must be deternnned tn each case. 


Jt’iQ. aC.— Examples of Blccti-lc Woldhig of Locomotivo Eramos ana 
Boiler Tubes. 


opcratoi* can deposit about 1.8 lb. of metal per hour. This 
rate depends largely upon whether the work is done out in 
the open or in a special place provided in the shop. For 
outside work such as on boats, an operator will not average 
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in general more tlian 1.2 lb. per hour, wliilc in the shop tho 
same operator con hi easily deposit the 1.8 lb. stated above. 
This loss in speed for ont.sido work is l)roU8'ht about largely 
by tile cooling action of tlic air and also somewhat by the 
added inconvenience to the operator. The value of i^ounds 
per hour given above is based on the assumption that the work 
has been lined up and is ready for welding. On the average 
70 per cent of the weight of elect)’ odes is deposited in tlic 
weld, 12 per cent is Inirncd or vaporized and tho remainder 
18 per cent is wasted as short ends. 

Other figures pi-eparcd ])y tho hllectric ‘Welding Committee 
show tho i^ossible eost of a fillet wold on a |-in. plate, using 
a motor generator .set and bare eleetrode.s to be as follows: 

AvernKo BpOBtl of avoiding on eontijiuons HLrniglit awny work 5 ft, par lionr 


Amount of metal deposited per riiiiiimg foot (3 lb. 

Current 150 nnips, at 20 volts = <3 kilowafl.'j, 

motor gonoialor elf. 50 per cent = G kw. 5 equals 1.2 k.w.b. per Iffc. nm 

1.2 k.w.h. at 3 cents por k.w.li. equals 3,0 cents per ft. 

Cost of olectiodo 10 cents per poniid and allowing 

for wnsto ends, otc., equals 7.2 cents per ft. 

Labor at C5 cents por hour equals 13.00 cents por ft. 


23.8 couts per ft. 

Suggestions for the Design of Welded Joints. — Prom an 
engineering point of view, evci’y metallic joint wli ether it he 
riveted, l)oltcd or welded, i.s designed to withstand a perfectly 
definite kind and amount of stress. An example of tliis is the 
longitudinal seam in tho shell of a liorizoiital fire-lube riveted 
boiler. This joint is designed for teibsion and .steam tightness 
only and will not stand even a small amount of transvoi’so 
bending stress without failure by leaking. If a joint pei’forms 
the fuuetioii foi‘ which it was designed and no more, its designer 
ha.s fiilfill'od his responsibilities and it i.s a good joint 
economically. Kogardles.s of how tlio joint is made tlie design 
of joint wbieli costs the least to make and which at the same 
time performs the functions required of it, with a reasonable 
factor of safety, is the best joint. 

Tlie limitations of the several kinds of mechanical and 
welded joints should bo thoroughly understood. 

A bolted joint is expensive, is difficult to make steam- or 
water-pressure tiglit, but ha.s the distinguishing advantage that 
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it can bo disa«seniblccl without dcsti’uciion. Bolted joints which 
are as strong’ as tlio pieces l^olted togetlior are usually imprac- 
ticable, owing to their bulk. 

Eiveted joints are less expensive to make tlian bolted joints 
but cannot 1)C disassem])lcd without de.struction to tlie rivets. 
A riveted joint, subject to bending stress suffleient to produce 
approcial)le delormation, will not remain steam- or water- 
pi 'essiiro tight. Riveted joints can never bo made as strong 
as the original sections because o£ the metal punched out to 
Xorin the rivet holes. 

There is no elasticity in either riveted, h oiled or fusion- 
welded joints which must remain steam- or water-pressure* 
light. Excess material is required in the jointed sections oC 
bolted or riveted joints, owing to the weakness of the joints. 

Busion-wolded joints have as a limit of tensile strength 
the tensile strength of cast metal of a composition identioal 
to that of the joined pieces. The limit of tlie allowable 
bonding stress is also set liy the properties of cast metal oC 
the same composition as tliat of the joined pieces. The reason 
for Ibis limitation is that on the margin of a fnsion Avoid 
adjacent to tlie pieces joined, the metal of the pieces Avas healed 
and cooled AAdthout cliange of composition. "Whatever propci’- 
iies the original metal had, due to licat or meclAanical treatment, 
ar(? removed liy lliis action, Avliieli invarialily occurs in a fusion 
Avcld. Regardless oC Avlmt physical properties of the metal used 
to form the joint may be, the strength or ability to resist 
bending of the joint, as a Avholo, cannot exceed the correspond- 
ing properties o£ this metal in tlic margin of the Avckl. Thus, 
assuming that a fusion Aveld be made in boiler x^laio, having 
a tensile strengtli oC 62,000 pounds. Assume that nickel-steel, 
having a tensile strength of 85,000 11). he used to l)uild up the 
joint. No advantage is gaiiu'd by the excess 23,000 lb. tensile 
strengtli of the niekel-steol of the joint since the joint Avill 
fail at a point close to 62,000 11). If appreciable l)eiiding stress 
be applied to the joint it Avill fail in the margin referred to. 

The clastic limit of the ])uilt-in metal is the same as its 
ultimate strength for all praetieal purposes, but the ultimate 
strength is above 11 lo elastic limit of the joined sections in 
commercial sti'uclures. 

In spite of the limitations of the fusion-welded joint it is 
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possible and practicable to build up a joint in commercial steel 
which will successfully resist any stress which will bo en- 
countered in commercial work. 

The fundamental factor in the strength of a welded joint 
is the strength of the material added by the welding process. 
This factor depends upon the nature of the stress applied. 
The metal added by the welding process, when subject to 
tension, can be relied on in commercial practice to give a ten- 
sile strengtli of 45,000 lb. per square inch. This is an average 
condition; assuming that the metal added is mild steel and 
that the operation is properly done, the metal will liavc ap- 
proximately the same strength in compression as in tension. 
When a torsional stress is applied to a welded joint the 
resultant stress is produced by a combination of bending, ten- 
sion and compression, as well as shear. The resistance of the 
metal to shear may be figured at Vio ils resistance to tensile 
stress. The metal added by the welding procc.ss, with the 
present development in the art of welding, will stand very 
little bending stress. A fusion-welded joint made by the elec- 
tric-arc process must be made stilfer than tlio adjacent sections 
in order that tlie bending stress shall not come in the joint. 
An electric weld, when properly made, will be steam- and 
water-pressure tight so long as bending of members of the 
structure docs not produce failure of the welded joint. 

Little is known at the present time in regard to the resist- 
ance of an electrically welded joint to dynamic stress, but 
there is reason to believe that the rc.sistance to this kind of 
stress is low. However, owing to the fact that in most struc- 
tures there is an opportunity for the members of the structure 
to flex and reduce the strain upon the weld, this inherent weak- 
ness of the welded joint docs not interfere seriously Avith its 
usefulness. 

A few tests have been made of higli-frcqucncy alternating 
sti esses and it has been found that u,sing the ordinary wire 
electrode the welded joint fails at a comparatively small num- 
ber of alternations. This is of little importance in most struc- 
tures since high-frequency alternating stress is not often 
encountered. 

Stresses in Joints.—The accompanying cuts show a number 
of typical joints and the arrows indicate the stresses brought 
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to bear on them. The proper way to weld each example is 
plainly shown. 

In A, Fig. 67, it will be noted that a reinforcing plate is 
welded to the joint to make the joint suffleiently stiff to throw 
the bonding outside the weld. 

S shows a joint in straight tension. Since no transverse 
stress occurs the heavy reinforcing of A is not required. Just 
enough reinforcing is given the joint to make up for the defi- 
ciency in tensile strength of the metal of the weld. 

G shows another method of building up a joint that is in 



Eio. 68.' — ^Plato and Anglo Construction. 


Straight tension. It should be noted that in both B and 0 
as much reinforcing is placed on one side of a center line 
through the plates as is placed on the other. 

The original form of lap joint such as is used in riveting 
is shown at D. The method shown for welding this joint is 
the only method which can be used. It cannot bo recommended 
because such a joint, when in straight tension, tends to bring 
the center line of the plate into coincidence with the center 
line of the stress. In so doing an excessive stress is placed on 
the welded material. 

E shows the construction used in certain largo tanks where 
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a flanged head is backed inlo a cylindrical shell. The principal 
stress to bo resisted by tlic welded joint is tliat lending to 
push the head out of the shell. The welding process indicated 
in the figiu’C will successfully do this. Owing to the friction 
between the weld and the shell, the outer weld would ho suffi- 
cient to hold the wold in place for ordinary pressure. For 
higher pressures the inside weld should he made in addition. 



Pig. go. — P ipe Heading and Pirobox Shoot "VVork, 


F and G show another method of welding a flanged head 
to the cylindrical shell. These methods arc prcrcrablc to the 
method indicated in F, G represents the recommended 
practice. 

Fig. 68 shows a plate and angle structure which might 
jje used in ship construction. The particular fcatrtre to notice 
in the welding practice indicated, is that the vortical plates 
do not reach the entire distance lictwocn the horifjontal plates. 
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Tlii.s is merely a meliiod oJ! eliminal.iiig difflenltii^s in welding 
the plates to the angle. 

A in Fig. 69 sliows a method of welding a head into a 
cylindrical pipe. The thickncs.s of the head should be ap- 
proximately twice the thickness of the wall of the pipe. 'The 
extra thickness plate is to gain suffleient stiffness in the head 
to make the stress on tlic welded material purely shear. The 
pressure from the inside tends to make the head assume a 
hemispherical .shape. This would place a bending stress on 
the welded material if the head were thin enough to give at 
the proper pressure. 

B shows a method of welding a crack in a iiro-box sheet, 
The thin plate backing introduced at the weld makes the 
operation very much easier for the operatoi* and produces the 
rein forcing of the water side of the fire-box sheet which is 
most desirable. 

INSPECTION OF METALLIC ELECTRODE ARC WELDS 

Determining the character of welded joints is of prime 
impoi'tanco, says 0. S. I'lscholz, and tlic lack of a satisfactory 
motiiod, more than any other factor, has been i'esponsi])]o for 
the hesitancy among engineers of the extensive adoption of’ 
arc welding. To overcome this prejudice it is desirable to 
8lia])o our rapidly aecumulating knowledge of operation into 
an aeeepta])le method of insp('etion. 

Manufactured apparatus is practically all accepted on the 
basis of complying with a process spccifieation rigidly enforced 
in conjunction with tlic successful reaction to ceidain test.s 
applied to the finished product. Riveting im])airs the slrengtli 
of the joined plates, yet with a proper layout and intelligent 
inspection the completed structure possesses ('ertain didinito 
oh aract eristics which do not require furthei' vc'i'ificalion. 'fho 
inspector of a /ini shod eoncrote structure is praelically help- 
less, and tlie weakest sort of construoiion may lie concealed 
by a sound surface. With caroFul supervision, however, the 
physical properties of the completed structui'e can lie reliably 
gaged to the extent that the use of concrete is justified even 
in ship construction. With this in view, electric arc welding 
is siLSceptiblc to oven better control than obtain in citlicr of 
these structural opei'ations. 
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TIio loiir factors which dotcrrainc tlio physical character- 
istics of the metallic electrode arc wolds arc: Fusion, slag 
content, porosity and crystal structure. 

Some of the otlier important methods that luivc boon sug- 
gested and used for indicating these characteristics arc: 

1. JiJxain illation of the weld liy visual means to deterininc 
(a) finish of the surface as an index to workmanship; (b) 
lenglli of deposits, wliieh indicates tbe frequency of brcalting 
arc, and therefore tlie ability to control the arc; (c) uniformity 
of tlie deposits, as an indication of llie faithfulness with wiii(*li 
the filler metal is placed in position; (d) fusion of deposited 
metal to bottom of weld scarf as shown by appearaneo of 
under side of welded joint; (e) predominance of surface 
l>orosily and slag. 

2. The edges of the deposited layers chipped with a cold 
chisel or calking tool to determine the relative adhesion of 
deposit. 

3. Penetration tests to indicate the linked imfuscd zones, 
slag pockets and porosity by (a) X-ray penetration; (b) rate 
of ga.s penetration; (c) rate of liquid penctraiiou, 

4. liJlecti'ieal tests (as a result of incomplete fusion, slag 
inclusions and porosity) showing variations in (a) electrical 
conduclivity ; (b) magnetic induction. 

Tlicse tests if used to the ])cst advantage would involve their 
application to each layer of deposited metal as well as to the 
finished weld. This, except in unusual instances, would not 
be required by commercial practice in which a prescribed 
welding process is carried out. 

Of the above methods the visual examination is of more 
impoi’tanco than generally admitted. Together v/ith it the 
chipping and calking tests arc particularly useful, the latter 
tost serving to indicate gross neglect by the operator of tlio 
cardinal welding principles, due to the fact that only a very 
poor joint will respond lo the tests. 

The most reliable indication of the soundness of the wold 
is offer (id by the penetration tests. Obvioiisly the presence 
of unfnscd oxide surfaces, slag deposits and blowlioles will 
offer a varying degree of penetration. Fx cel lent ro.sults in 
the testing of small samples arc made possible by the use of 
the X-ray. TTowover, duo to the nature of the apparatus, the 
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amount of time required and tlic difficulty of manipulating 
and interpreting results, it can hardly be considered at the 
present time as a successful means to be used on large-scale 
production. 

The rate that hydrogen or air leaks through a joint from 
pressure above atmospheric to atmospheric, or from atmospheric 
to partial vacuum, can readily be determined by equipment 
that would be quite cumbersome, and tlie slight advantage 
over liquid penetration in time reduction is not of sufficient 
importance to warrant consideration for most Avoids. 

Of the various liquids that may be applied kerosene has 
marked advantages because of its availability, low volatility 
and high surface tension. Due to the latter chai’acteristies 
kerosene sprayed on a Aveld surface is rapidly draAvn into any 
capillaries produced by incomplete fusion between deposited 
metal and weld scarf, or between succeeding deposits, slag 
inclusions, gas pockets, etc., penetrating through the weld and 
shoAving the existence of an unsatisfactory structure by a stain 
on the emerging side. A bright-red stain' can be produced by 
dissolving suitable oil-soluble dyes in the kerosene. Hy this 
means the presence of faults have been found that could not 
be detected Avith hydraulic pressure or other methods. 

By the kerosene penetration a sequence of imperfect struc- 
ture linked through the Avoid, Avhich presents the greatest 
hazard in Avoided joints, could be immediately located, but it 
should be borne in mind that this method is not applicable 
to the detection of isolated slag or gas pockets nor small, 
disconnected unfused areas. It has been shoAvn by various tests, 
hoAvever, that a wold may contain a considerable amount of 
distributed small imperfections, Avithout affecting to a great 
extent its characteristics. 

If a bad fault is betrayed by the kerosene test it is advis- 
able to burn out the metal with a carbon arc before roAvclding 
under proper supervision. By the means of sandblast, steam 
or gasoline large quantities of kerosene are preferably removed. 
No difficulty has been encountered on Avoiding over a thin 
film of the liquid. 

Electrical tests, by which the homogeneity of Avelds is 
determined, arc still in the evolutionary stages, and many diffi- 
culties are yet to be overcome before this test becomes feasible. 
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Some of these difficulties are the elimination of the effect of 
contact differences, the influence of neighboring paths and 
fields, and the lack of practicable, portable instruments of suffi- 
cient sensibility for the detection of slight variations in con- 
ductivity or magnetic field intensity. No simple tests are 
plausible, excepting those wliich involve subjecting the metal 
to excessive stresses for determining the crystal structure. 
Control of this phase must be determined by the experience 
obtained from following a in’cscribed process. 

The inspector of metallic arc electrode welds may consider 
that through the proper use of visual, chipping and penetrating 
tests a more definite appraisal of the finished joint may be 
obtained than by cither riveting or concrete construction. The 



Fia. 70. — Typical Arc-wold Scarfs, 



operation may be still further safeguarded by requiring rigid 
adherence to a specified process. 

Good results are assured if correct procoduro is followed. 

ITaphaz.ard welding can no sooner produce an acceptable 
product than hit-or-miss weaving will make a marketable cloth. 
It is only logical that all the steps in a manufacturing opera- 
tion should be jugulated to obtain the best results. As it is 
most welders con-sidcr llicmsclvcs pioncei-s in an unknown art 
that requires the exercise of a peculiar temperament for its 
successful evolution, and us a result welding operator, s enshroud 
themselves in the halo of an export and do their work with 
a mystery bewildering to the untutored. Once in a while, due 
we might say to coincidences, these "exports’* obtain a good 
weld, but more often the good weld may l)e attrilmtcd to the 
friction between slightly fused, plastered deposits. 

In common witli all other operations metallic electrode arc 
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square bar from a short arc is shown in Pig-. 74, A, and in 2f 
is shown a porous, diffused deposit from a long arc. Top 
views of these welds arc shown in Fig. 75, A sliort arc i» 



Eig. 73. — VftTiation in Wold Strongtli iviUi CliaHgo in Ai’O Ciinont. 



3?iq. 74.— Sectional Views of Short and Long Arc DeposiLa. 


usually maintained by a skillful operator, as the work is thereby 
expedited, less electrode material wasted and a better weld 
obtained because of improved fusion, decreased slag content 


ARC WELDING PllOCEDUllE 


103 


and porosity. On observing the arc current and are vollago 
by meter deflection or from the trace of recording instruments, 
the inspector has a continuous record of the most important 
factors which affect weld strength, ductility, fusion, porosity, 
etc. The use of a flxed scries resistance and an automatic 
time-lag reset switch across the arc to definitely fix both tlu! 
arc current and the arc voltage places tliese important factors 
entirely beyond the control of the welder and under the direc- 
tion of the more competent supervisor. 

Heat Treatment and Inspection. — Tlic method of placing 
the deposited layers plays an important part on the internal 
strains and distortion obtained on coiilraetion. It is possible 
that part of these strains coxild be relieved by preheating and 
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Fia, 76. — ^Top Views t)t Wckla Sliown in Fig, 74. 

annealing as well as by the allowance made in preparation 
for the movement of tlie metal. 

The boat treatment of a completed weld is not a necessity, 
particularly if it has been preheated for preparation and then 
subjected to partial annealing. A uniform annealing of tlu! 
structure is desirable, oven in the welding of the small sections 
of alloy and high-carbon steels, if it is to be machined or 
subjected to heavy vibratory stresses. 

The inspector, in addition to applying the above tests to 
the complolcd joint and offeclively supervising the ijrocess, 
can readily assure himself of the comijctcncy of any oixeraioi' 
by the sulnni.ssion of sample welds to ductility and tensile 
tests or by simply observing the surface exposed on cutting 
througli the fused zone, grinding its face and oiehing with a 
solution of 1 part concentrated nitric acid in 10 parts water. 

It is confidently assumed, in view of the many resources 
at tlio disposal of tlie welding inspector, that this method of 
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obtaining' joints will rapidly attain succoss£ul recognition as 
a dependable operation to be used in structural engineering. 


EFFECTS OF THE CHEMICAL COMPOSITION OF METALLIC ARC 
WELDING ELECTRODES 

111 order to ascertain to wliat extent the cliemical analysis 
oi an electrode affected the iveldcd material in metallic arc 
welding, says J. S. Orton, two electrodes R and ^Y were chosen 
of widely different cliemical analyses, each 0,148 in. in cliametev. 
Tlio R electrode was within the spccitieations of tlici AVelding 
Researcli Committee except that the silicon eonleiit was a little 
high. The analyses were as follows: 


0 Mu P S Si 

iviio 0,17 0.57 0.007 0.028 0.14 

IF who . 0.39 1.01 0.005 0.024 0.12 


The silicon content was rather high, but inasmuch as it 
was fairly constant in both electrodes the results arc com- 
parative. 

A deposit was made on a |-in. plate by means of n metallic 
arc, the welded section being approximately 1 ft. long, 6 in. 
wide and 1 in. thick. The welding machine used was of a 
^vc^-known make, with a constant voltage of 37 volts at 130 
amperes. The plates used for depositing the first layer wero 
machined away and two tost bars were made from eacli elec- 
trode, composed entirely of welded material. Tlio ends were 
1*011 gb -machined and about 4^ in, in the middle of the specimens 
were finished carefully. 

The phj'sical charactcrislies of the plates are as shown in 
Table V. 


'PAHliE V.—PlIYSIOAI. CjlARACTKUIHTK'S OV PlATKS 


2? -1 

Tonsilo 

Strength 

Elastic 

Limit 

Elongation 

RA 

Rrlnnol 


43,400 

8.0 

16.8 

2 


50,500 

0.0 

6.9 

/F-1 


04,000 

7.C 

13.0 

2 . 

72,060 

00,200 

6.6 

7.1 


After these bars were pulled, chemical analyses were taken 
at various points to got the values given in Table VI. 
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Table ■VI.--OnEMi0AL Analyses of Speoimens 


0 Mn P S Si 

It-l 0.12 0.23 0,012 0.019 0.10 

2 0.09 0.24 0.016 0.014 0.08 

.1 0.11 0.26 0.014 0.020 0.08 

jF-1 0.23 0.84 0.014 0.012 0.02 

2 0.20 0.80 0.014 0.014 0.00 

•A 0.20 0.88 0.013 0,013 0.02 


Photographs of the different fractures are sliowii in Fig’. 
77. W-l, which gave the highest tensile strength, shows 100 
per cent, metallic structure with a silky appearance. B-I 
shows a coarse intergranular fracture. B-2 shows a brittle, 
shiny crystalline fracture with a slag inclusion at the lower 
left-hand and upper right-hand corners of the bars. 



Eio. 76. — ^PrncturoB of Tost Hpociiiions. 


shows partial crystalline and partial silky fracture. At the 
extreme right there is a portion which is not welded. This 
is probably the reason why W-2 did not pull as much as the 
other. Undoubtedly, next to the chemie^al analysis, the quan- 
tity of slag in the weld has the biggest bearing on the tensile 
strength. 

Tile structure of the test specimens is shown in the micro- 
photographs of Fig. 77. In making these photographs, no 
attempt was made to make a complete microanalysis of the 
two different specimens, but rather it was intended to show 
the general ditfercnce in structure between the two differont 
types of electrode. All of these photographs wore taken at 
150 diameters except the last two, which were taken at 100. 

Photograph R~iA shows the general structure of the plate 
welded with the R electrode. This photograph shows a large- 
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iFiG. 77. — ^Alierophotographs Of Different Specimens. 


ARC WELDING PROCEDURE 


107 


grain growth and columnar structure wliieh are cliaractoristic 
of electric welds. Photograph V/l-A shows the general struc- 
ture of the plate welded with the W electrode. This shows 
comparatively small-grain structure. The structure seems to 
be much licttcr than that of Rl-A. Photog]*aph Rl-B shows 
a portion of a test .specimen which was cut out of plate lit 
and bent to an angle of 10 deg. It is intei’csting to note hero 
the opening up of the welded material adjacent to slag inclu- 
sions. Photograph Wl-B .shows a portion of a small specimen 
cut out from sample W1 and bent to an angle of 10 dog., the 
same as in the case of Bl-B, The welded material is opening 
up but not in the same dcgi’ee nor around the slag inclusions 
as in the corresponding photograph El-B. Photograph El-G 
is a profile of the fracture of the Rl sample after bending 
through an angle of 16 deg. Photograpli WJ-G shows the W1 
sample after being l)ent through an angle of 17 degrees. 

It seems just as important to specify the eliomioal composi- 
tion of the electrode used in metallic arc welding as it is to 
specify the chemical composition in ordering any other typo 
of .steel. 

Chemical composition seems to affect the physical properties 
in electrodes as well as other steel. 

An excess of manganese seems to he needed in electrodes. 

The relation Ijelwcen the carbon and manganese of an elec- 
trode should he approximately one to three. 

ITigh-carbon manganese wire tends not only to improve 
the weld on account of the amount of carbon and manganese 
in the welded material, hut also on account of the typo of 
structure which this wire lends to the deposited metal. 

There is a smaller amount of oxide and slag inclusions with 
a higli-carhon manganese wire than with a comparatively low- 
carlDon nianganoso wire. 

WELDING COMMITTEE ELECTRODES 

Aftei* an exhaustive scries of tests the Welding Oommiiteo 
drew up the following tentative specification for electrodes 
intended to bo used in welding mild steel of shiplmildiiig 
quality ; 

Chemical Composition.— Carbon, not over 0.18 per cent; 
manganese, not over 0.55 per cent; phosphorus, not over 0.05 
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per cent; sulphur, not over 0.05 per cent; silicon, not over 
0.08 per cent. 


Sizes : Pi’action of Inch Lbs, Per Foot Foot Per Lb. 

1/8 ’ 0,0416 24 

5/32 0,0651 15.35 

3/16 0,0937 10.06 


Allowable tolerance 0.006 plus or minus. 

Material. — The material from which the wire is manufac- 
tured shall be made by any approved process. Material made 
by puddling process not allowed. 

Physical Properties. — Wire to be of uniform homogeneous 
structure, free from segregation, oxides, pipes, seams, etc., as 
proven by micro -plioto graphs. This wire may or may not he 
covered. 

Workmanship and Finish. — (a) Electric welding wire shall 
be of the quality and finisli known as “Bright Hard“ or “Soft 
Pinish." “Black Annealed’' or “Bright Annealed” wire shall 
not be supplied, (h) The surface shall he free from oil or 
grease. 

Tests. — The commercial weldability of these electrodes sliall 
be determined by means of tests by an experienced operator, 
who shall demonstrate that the wire flows smoothly and evenly 
thvoxigh the are without any detrimental phenomena, 


Lba. Por 100 Ft. 
4.16 
6.51 
0.37 
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ARC WELDING TERMS AND SYMBOLS 


III order to aid the standardization of the various types 
of joints and welding* operations the practice recommended 
liy the Welding* Committee of the Emergency Fleet Corp., for 




Lip 

'a 


K 




l?io. 78. — Standard Symbols Eceoramonded by tlio ^Voiding Oommittoo of 
tlio Emorgoncy Elect Corporation. 



ship work, is given. The symbol chart is shown in Fig. 78 
and the application of special terras and symbols is individually 
shown in Figs. 79 to 112 inclusive. 
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PiQ. 79. — A Strap weld is one in ■whieli llio seam of two adjoin- 
ing plates or surfaces is reinforced by any form or shape lo add 
strength and stability to the joint or plate, in tlii.s form of 
weld the seam can only be welded from the side of the work 
opposite the reinforcement, and the reinforcement, of whatever 

BUTT SYMS01 □ 



shape, must bo welded from, the side of the work to which 
the reinforcement is applied. 

Fig. 80. — A Butt weld is one in which two plates or surfaces 
are brought together edge to edge and welded along tlio seam 
thus formed. The two plates when so welded form a perfectly 


LAP 




flat plane in themselves, excluding the possilile projection 
caused by other individual objects as frames, strai)s, stiffeners, 
etc., or the building up of tlie wold pi’oper. 

Pig, 81. — A Lap weld is one in which Ibe edges of two 
planes arc set one above the other and the welding material so 
applied as to bind the edge of one plate lo the face of the 
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other plate. In lliis lorni of wold the seam or lap forms a 
raised surface along its entire extent. 

Fia. 82. — A Fillet weld is one in which some fixture or 
inenilior is welded to the Caco of the plate, hy welding along 



the vertical edge of the fixture or memher (see welds shown 
and marked A), fi’hc welding material is applied in the eoriu'r 
thus formed and finished at an angle of forty-five degrees to 
tlic plate. 

3?ia, 83. — A Plug weld is one used to connect the metals hy 

PLUG svMuoL 



welding through a hole :ii either one plate A or holh ifiates B. 
Also used for filling through a bolt hole as at 0, or for added 
strengtli when fastening fixtures to tlio face of a plate hy 
drilling a countersunk hole through the fixtures and applying 
tlio welding material through this hole, as at T), thereby faslou- 
ing the fixture to the plate at this point. 
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Fig. 84. — A Tee weld is one wlicre one plate is welded 
vei'tically to another as in the ease ol the edge of a transverse 
bulldiead A, being welded against the shollplating oi’ deel?. 
This is a weld which in all eases requires exceptional care and 
can only be nsed where it is possible to work from both sides 



Via. 84. 


of the vortical plate. Also used for welding a rod in a vertical 
position to a flat surface, as the rung of a ladder 0, or a plate 
welded vertically to a pipe stanchion B, as in tlie ease of wat er 
closet stalls. 

Fig. 85.— a Single “V” is applied to the “edge finish” 
of a plate when this edge is beveled from holh sides to an 



angle, the degrees of which are left to the designer. To be 
used when the side of the plate is to bo a maximum 
“strength’’ weld, with the plate setting vertically to the face 
of adjoining member’, and only when the electrode can bo 
applied from both sides of the work. 
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Fia. 86. — ^Dpuble “V” is applied to the ‘‘edge finish” of 
two adjoining plates when the adjoining edges of both plates 



T— TlllCRNESS 

Fig. 80. 


beveled from hoih sides to an angle, the degrees of which are 
left to the designer. To be nsed when the two plates are to 
be “butted” together along these two sides for a maximum 


STRAIGHT 


BYHOOi 

X 


ilt ^QTM fltOVi 



“strength” weld. Only to bo used when welding can be per- 
formed from both sides of the plate. 

Fio. 87. — Straight is applied to the “edge finish” of a plate, 
when this edge is loft in its crude or sheared state. To bo 



used only whore maximiim strength is not essential, or unless 
used in connection with strap, stiffener or frame, or where 
it is impossible to otherwise finish the edge. Also to be used 
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for a “strenglli” weld, wlien edges of two plates set vertically 
to each otlicr — ns the edge oC a ]) 0 x. 

Fig. 88. — Single Bevel is applied to tlio edge finish of a 



Fig, 89, 


plate, when tliis edge is beveled from one side only to an angle,* 
the degrees of which are left to the designer. To be used 
for * 'strength welding, when the electrode can be applied 



from one side of the plate only, or whore it is impossible to 
finish the ad,ioining surface. 

Fig. 89. — Double Bevel is applied to the edge finish of two 
adjoining plates, when the adjoining edges of both plates aro 
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>eveled from one side only to an angle, the degrees o£ wliicli 
ire left to the designer. To he used where maximum strength 
s required, and where electrode can he applied from o?i6 side 
j£ tlic work only. 

Fia. 90. — Flat position is determined when the welding 
naterial is applied to a sui’face on the same plane as the dock, 
lUowing* the electrode to he held in an uiiright or vertical 
losition. The Avoiding surface may bo entirely on a plane 
vith the deck, or one side may ho vertical to the deck and 
voided to an adjoining member that is on a plane Avith the 
leek. 

Horizontal position is determined Avhen the welding material 
s applied to a scam or opening, the plane of Avhieh is vertical 
o the deck and the line of weld is parallel Avith the deck, 



tlloAving the electrode to ho held in an inboard or outboard 
Aosition. 

Vertical position is determined Avhen the welding material 
s applied to a surface or seam, avIioso line extends in a dii^ec- 
ion from one deck to the deck above, regardless of whether 
,hc adjoining membei’s arc on a single jilane or at an angle 
,Q each other. In this position of Aveld, the electrode Avonld 
ilso be lield in a partially horizontal position to llic work. 

Overhead position is determined when the Avoiding material 
s applied from the unchir side of any memlier Avhose plane 
s parallel to the cleric and necessitates the olcctroclo being 
icld in a downright or inverted position. 

Fiu. 91. — A Tack weld is applying the welding in small 
jcclions to hold tAvo edges together, and should ahvays bo 
ipceified by giving the space from center to center to Avoid 
ind the length of the Aveld itself. No partiexilar “design of 
vveld” is necessary of consideration. 
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A Tack is also used ior tonporai-ily holding material in 
place that is to be solidly welded, until the proper alincincnl 
and position is obtained, and in this ease neither the length, 
spttCQ, nor design of weld are to be, specified. 

Fig. 92.— a Caulking’ weld is one in which the density of 



the crystalline metal, used to close up the seam or opening, 
is sucli that no possible leakage is visible under a water, oil 
or air pressure of 25 lbs. per square inch. Tlic ultimate streugtii 
of a caulking weld is not of material importance — •ncitlior is 
the "design of weld" of this kind necessary of consideration. 

Fig. 93. — A Strength weld is one in which the sectional 



area of the welding material must be so considered that its 
tensile strength and elongation per square inch must equal 
at least 80 per cent of the ultimate strength per square inch 
of the surrounding inatcrial (To be determined and spocifled 
by the designer.) The welding material can be applied in 
any number of layers beyond a minimum spoeifted by the 
designer. 

The density of the crystalline metals is not of vital im- 
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portanco. In tins lovni ol woklj tlio “clGsigii of weld" must 
bo spoeificd by the dc'sig’nei’ and followed hy llie operator. 

Fig. 94. — A Composite weld is one in whieli both the strength 
and den.sity are of tlie most vital iinpo7*tanc“e. The Hlrenglh 
must be at least as speeified foi’ a “strength weld," and the 
density must meet the requirements of a “caulking weld" 



both as above defined. Tlic minimum immbor of layers of 
welding material must always bes specified l)y the designer, 
but the welder must be in a position to know if this number 
must be increased according to the welder’s woi’king con- 
ditions. 

Fio, 95. — Reinforced i.s a term applied to a wold when the 
top layer of the welding material is Imilt up above the i^lane 



of the surrounding material as at A or B, or when used for 
a corner as at C. 'flic top of final layo' should project above 
a plane of 45 degrees to tlic adjoining mateiial, Thi.s 45 degree 
lino is .shown “dotted" in C. This typo is chiefly used in a 
“strength" or “eoinposite" kind of weld for the purpose of 
obtaining the maximum .stj’ength efficiency, and should ])c spcci- 
fled by the designer, togetlier with a minimum of layers of 
welding material, 
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Fig. 96. — Flush is a tcmi appli^^ t-o wold wlicn the toi) 
layer is finished perfectly fiat or on the same plane as on tlie 
adjoining material as shown at D and F or at an angh^ oi* 
45 degToes wlien used to connect two sur faces at an angle to 
cacli other as at P. This type of weld is to bo used where a 
maximum tensile strength is not all important and nuist he 



specified by tlio designer, together witli a mini muni number 
of layers of welding material. 

Pig, 97. — Concave is a term applied to a weld when the 
top layer finishes below the plane of the surrounding material 
a.s at G, or beneath a plane of 45 degrees at an angular c<m- 
noction as at H and J. 

To be used as a weld of no furtlier importance tlian filling 



in a seam or opening, or for strictly caulking purpo,s(‘S, wlum 
it is found that a minimum amount of welding material will 
suffice to sustain a specified pound square inch p)’(>s.sur(! with- 
out leakage. In this “type of weld” it will not be necessary 
for the designer ordinarily to specify the numlxu’ of layers 
of material owing to the lack of structural import anee. 

COMBINATION SYMBOLS 

Pig. 98 shows a strap holding two plates logetlior, sotting 
vertically, witli the welding material applied in not less than 
three layers at each edge of the strap, as well as Ixftwcon 
the plates with a reinforced, composite finish, so as to make 
the welded seams absolutely water, air or oil tight, and to 
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attain the maximum tensile Hti'ongth. The edges of the strap 
and the plalos are left in a natural or sheared finish. This type 
of welding is used for parlieular work where maximum strains 
arc to ho sustained. 

Fig. 99 shows a strap holding two plates together hori- 



Koiitally, welded as a strength member with a minimum of 
three layers and a flush finish. Inasmuch as the strap neces- 
sitates welding of the plates from one side only, both edges 
of the plates are bevelled to an angle, the degrees of which 
are left to the discretion of the designer. The edges of the 

STRAP WELD. FLUSH. 

foSHOn ® LAYERS, 

HORIZONTAL, FLAT AND 
OVERHEAD, DOUBLE BEVEL 


^ PLATE HOnlZONTAl WELD- 


1 



STRAP 

,4 


DVEHIlLb XVetD 

1 



ElO. 99. 


strap are left in a natural or sheared slate, and the maximum 
siren glh is attained liy the mode of applying the welding 
material, and through the sectional area per square inch exceed- 
ing the sectional area of the surrounding material. 

Fig. 100 represents two plates hutted together and welded 
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(lal, willi a composite weUl of uol loss tliuii three layers, and 
a ]-oinforct'd finisli. A strap is attached by means oi’ overhead 
taelcing, the tacks being four inch os long and spaced eight 
inches from center to center. Tii this case, the welding of 
the plates of maximum strength and water, air or oil tight, 



STRAP. TACK, OVERHEAD, 

8* CENTER TO CENTER 
4* LONG, BUTT, REtNFORCED 
COMPOSITE or 3 LAYERS, 
FLAT. STRAIGHT. 



but the tacking is citlior Cor the purpose of holding the strap 
in place until it may bo coutinuou.sly welded, or because 
strength is not e.ssenl)a!. All the edges ai'o left in their natural 
or sheared state. 

I’m. 103 I'eproscnts a Initt weld between two plates Avith 
the welding material fuiishod concaved and applied in a mini- 

BUTT WELD. CONCAVF. 

CAULKING OP 2 LAVERS. 

FLAT. STRAIGHT 



rzT' 

72F 

I 


mum of tAvo layers to lake the place of caulking. The edges 
of tho plates are left in a natural shear cut linish. This symbol 
Avill be quite frequently used for dock plating or any other 
place Avhere, strength is not essi'iilial, but Avliere the material 
must be Avaler, air or oil tight. 

Fig, 102 is used Avhorc the edges of tAvo plates are vertically 
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I jutted togollier und weld(‘d as a strength inombci*. The edges 
adjoining plates are fiiiislied with a “double vee” and the 
mimmuin of lliree lay<*rs oi! welding material applied from 
eaoh side, rinislted with a convex surface, thercljy making the 
sectional area per square inch of the weld greater than that 

BUTT WELD. REINFORCED. 

STRENGTH OF 3 LAYERS. 

VERTICAL, DOUBLE VEE- 




Lx' 


of the plates. Tliis is a conventional symbol for shell plating 
or any other members rcqnii’ing a maximum tensile strength, 
whore the welding can he done frojn both sides of the work. 

kiu. 103 shows two plates Initted together in a flat position 
where the welding can only he applied from the top surface. 
Tt sliows a weld required for i^lating where both strength and 



J’ra. 102. 


83V 

L. X— 



BUTT WELD. FLUSH. 
COMPOSITE OF 3 LAYERS. 
FLAT. DOUBLE BEVEL. 



watcrtiglitncss are to he considered. The welding material 
is applied in a minimum of throe layers and flnished flush with 
the level of the plates, (loth edges of the adjoining plates 
arc beveled to an angle, the degrees of which are left to the 
discretion and judgment of the designer, and should only be 
used when it is impossible to weld from both sides of the work. 
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Fig, 104 shows tlie edges of two plates lapping cacli other 
witli tlie welding material apjdicd in not less ilian two layers 
at each edge, witli a eoiieaved eaulldng finish, so applied, as 
to make the welded seams absolutely water, air or oil tight. 


LAP WELD. CONCAVE, 
CAULKING OF 2 LAYERS, 
overhead and FI AT 
STRAIGHT 




The edges of the plates themselves arc loft in a natural or 
shared finish. Condition.s of tliis kind will often occur around 
bulkliead door Trames where maximum strength is not ab- 
solutely essential. 

Fig. 105 is somewhat exaggerated as regards the bending 


LAP WELD, reinforced, 
strength op 3 LAYERS 
AND TACKING, 18' CENTER 
TO CENTER, «' I-ONG, 
VERTICAL, STRAIGHT 



of the plates, but it is only sliown this way to fully illustrate 
the lack and continuous weld. It shows the edges of the 
plates lapped witli one edge welded with a continuous wold 
of a minimum of llirec layers with a reinfoi’ced finish thcreliy 
giving a maximum tensile strength to the weld, and the other 
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edge ol tlie plate, tack welded. The tacks are six inches long 
Avitli a space oX 12 inches between the welds or 18 inches from 
center to center of welds. In both cases, the edges of the 
plates arc left in a natural or sheared state. 



Fia. 106 shows a condition exaggerated, which is apt to 
occur in side plating where the plates were lield in position 
with bolts for the purpose of alincment l)oforc being welded. 
The edges are to be welded with a minimum of three layers 
of welding material for a strength weld and finished flush, 



PLUG AND FILLET WELD, 
REINFORCED, STRENGTH OF 
3 LAYERS, FLAT. SINGLE 
BEVEL AND STRAIGHT 



and after the bolts are removed, the holes thus left arc to bo 
filled in with welding material in a manner prescribed for 
strength welding. The edges of the plates arc to be left in 
a natural or sheared state, which is customary in most cases 
of lapped welding. 
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Fig, 107 shows a pad eye attached to a plate by means 
of a fillet weld along the edge of the fixture, and further 
strengthened by plug welds in tAVo countersunk holes drilled 
in the fixture. The Avoiding material is applied in a flat 
position for a strength Avoid Avith a minimum of three layers 



FILLET WELD. REINFORCED. 
COMPOSITE OF 3 LAVERS. 
FLAT. VERTICAL AND 
OVERHEAD. STRAIGHT 




sEcriov 
THRU A^ 


and a reinforced finish. The edges of the holes arc beveled 
to an angle, Avhich is left to the judgment of the designer, 
hut the edges of the fixture arc left in their natural state. 
This method is used iu fastening fixtures, clips or accessories 
that would be subjected to an excessive strain or vibration 



FILLET WELD. FLUSH. 
STRENGTH OF 3 LAYERS 
FLAT, STRAIGHT. 



Fig. 108 shows a fixture attached to a plate by means of 
a composite weld of not less than three layers Avith a reinforced 
finish. The fixture being placiid veidically, neci'ssitates a com- 
bination of flat, vertical and overhead Avoiding in the course 
of its erection. All hough a fixture of this kind would never 
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DC required lo bo waterlight, llie composite symbol is given 
imply as a possibility o£ a coml)iuatioii. 

Fig, 109 rcpi’escnts a fixture attached to a plate by a 
strength fillet weld of not less than throe layers, finished flush. 



TEE WELD, FLUSH, 
STRENGTH OF 3 LAYERS, 
FLAT. SINGLE VEE. 



Fra, 110, 


The edges of the fixtui'o are left in their natural stat(‘, and 
the welding inateilal applied in the eorner formed by the 
vertical edge of the fixture in contact with the face of the plate. 

Fig. 110 illustrutes the edge of a plate welded to the face 
of another plate, as in the case of the bottom of a transverse 



Fra. 111. 


bulkhead being welded against the deck plating. To obtain 
a maximum tensile strength at the joint, the edge of the plate 
i« cut to “single vee" and welded on both sides with a strength 
weld of not less than three layers, and finished flush, This 
would bo a convenient way of fastening the intcrcoslals to 
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llic Iccelsons, In tins particular case, tlie welding is done in 
a flat position. 

Fig, 111 shows another case of tee weld witli tlic scam set- 
ting in a vertical position, and tlie welding material applied 
from both sides of the work. Tlie edge of tlie plate is finished 
with a “single vec“ and a minimum of three layers of welding 
material applied from each side, finish ed with a convex surface, 
thereby making the sectional area, per square inch of the weld, 
greater than that of the plate, allowing for a maximum tensile 
strength in the weld. 

Fig. 112 represents an example of the possible combination 



STRAP AND TEE WELD, 
FLAT, RFINFORCED, TACK. 
12* CENTER TO CENTER, 

0* LONG, SINGLE BEVEL, 
OVERHEAD, STRENGTH OF 
3 LAYERS, FLUSH 



of symbols. An angle iron is tack welded to the plate in the 
form of a strap or stiffener, though in actual practice, this 
might never occur. The tacks arc spaced twelve iiichc‘s from 
center to center, and arc six inches long, and applied in a 
flat position, with a reinfoi'ced finish. As tlic .stinp i)r(' vents 
welding the plate from both side.s, the edge of Ihe plate is 
lieveled, and the welding material applied foi’ strejigtJi in not 
less than three layers in an overhead position and finished 
flush. Note til at in specifying tack wckls, it is essential to 
give the space from center to center of weld, and longtli of 
weld by use oP flguves representing inches placed cither side 
of the circumscribing symbol of tlie combination. 
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EXAMPLES OP ARO-WBLDING JOBS 

Probably no mechanical job ever attracted more general 
attention than the repair ol tlie German sliips seized by us 
when Avc entered the AVorld War. Even the meclianically 
minded Geimnuis repeatedly declared that repairing was an 
impossibility, Init tlui American enginoei's and meclianics 
sliowed the Hun that lie had, as usual, vastly over-rated his 
own Icnowledge. One l)ig factor in malting the Hun so positive 
in tliis case, was Ins uttei* ignorance regarding tlie possilnlities 
of arc welding — but he learned and in the teacliing many 
others were also (‘nlightenod. 

The work nec(!ssary on tlicse German ships, of course, in- 
cluded mucli ))esides welding of the brolcen eastings, but the 
welding work was of primary importance. 

The pj’incipal sliips on whicli this welding work was done 
wore the : 





Gross 

Class of 

U. S. Name 

(iernmn nanio 

i.n.p. 

Ton n ago 

Vessel 

AcoIhh 

Grosser Kurfurst 

S,-l()0 

10,102 

Transport 

Agamemnon 

Kaiser Wilholm TI. . . . 

<1 .'5,000 

19,301 

Transport 

America 

America 

IfjjSOO 

22,021 

Transport 

Antigno 

Ncehar 

5,500 

0,835 

Transport 

Covington 

Cincinnati 

10,900 

10,.3.39 

Transport 

George Washington. 

George Wasliington .... 

21,000 

2.5,570 

5’rnnsport 

Ilnvon 

Friodvich der Grosso. . 

(5,S00 

10,771 

'i’ransport 

Loviatlmn ........ 

Vatorland 

00,000 

54,282 

Transport 

Madawasha 

Koenig Williolm TI.... 

7,400 

9,410 

Transport 

Martha Waaiilngton 

Martha Wasliington,.. 

(5,940 

8,312 

Transport 

Merenry 

Barbarossa 

7,200 

10,084 

Ti'ansport 

Mt. Vernon 

Kronprinzossiu Ceeelie, 

40,000 

19,503 

'rransport 

Pocahontas 

PrinzesH rreiio 

9,000 

10,98.3 

Transport 

Powhatan 

Ilainlmrg 

9,000 

10,893 

Transport 

President Grant... 

President Grant 

8,500 

18,072 

Transport 

Prcsidonl Lincoln.. 

President Lincoln 

8,500 

18,108 

'J’ransport 

Savannah 

>Saxonia 

2,600 

4.424 

Repair Shop 

Susquehanna 

Klioin 

9,620 

10.058 

Transport 

Philippine.^ 

Biiigaiia 

4,200 

10,024 

HliippingBd, 
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The total gross tonnage oi’ lli(* ships named was 288,780 
Ions, and the welding work was done by tlio Wilson Welder 
and Metals Co. of Now York, using their “plastic-arc” process. 

Seventy Cylinders Saved Without Replacement. — Jn all, 
there were thirty-one ships interned in the port of New York. 
Of these thirty-one ships, twenty-.seven were Cerman anti four 
Austrian. Of the German ships, two were .sailing vessels and 
four were small .steamers which the Germans had not taken 
pains to damage materially. This left twenty-one German 
.ships whose engines and auxiliaries were tlamaged seriou.sly, 
ranging in size from the “Vaterland, ” the pride of the Ilam- 
burg-Amorican Line, of 54,000 ton.s, to the “Na.s.sovia,” of 
3,900 tons. 

On the cylinders of the twenty vt'ssels of German origin, 
not counting for the moment the tui'bine-driven “ Yaterland,” 
there were no le.ss than 118 major bi*eaks which would have 
entailed the renewal of some .seventy cylinders if oi’dinary 
practice had been folloAved. In fact, .such was the recommenda- 
tion of the surveying engineers in their oi'iginal report. 

To any engineer familiar with the conditions at that time 
in the machine shops and foundries in the vicinity of New 
York, al.so in the drafting rooms, the problem of producing 
seventy cylinders of the sizes required by these ves.sel3 would 
seem almost impossible, and it is pretty well established that 
some vessels Avould have had to wait nearly tAVO years for 
this equipment. 

It must be remembered that few di'aAvings of these engines 
Avcrc available, and those in many cases Avere not discovered 
until months after the repairs had started. Therefore, it Avould 
have been necessary to make draAvings from the actual 
cylinders, and competent marine engine draftsman not already 
flooded Avith Avork did not exist. 

The cylinders of fifteen vessels Avnre successfully Avoided, 
Avhilo those of six Avere repaired by Ailing mechanical patches, 
or, in other Avords, cighty-tAvo of the major Inaniks Avcrc repaired 
by Avoiding and thirty-six by mechanical palches. 

It Avas not until July 12 tlmi the final decision was made 
placing the transport service in the hands of the Navy and 
de.signating Avluit ships Avere to lie transfiu'red from the control 
of the Sliipping Boai*d to that of the Navy Department, IToav- 
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over, the flrsl two lai'f^c ships, Iho "I’Vicdi'icli dor Cl rosso,” 
now the “Huron,” and tlio “Prinzess Irene,” now the “Pooa- 
liontas,” woro I'oady lor soa on Auj^. 20, in sjulo of Iho faet 
that the engines on tliose vessels wore among the worst damaged 
of tliom all, the “Irene” having the whole side of the first 
intermediate valve ehest l)roken out on eaeh engine, the side 
of Ihe high-pressure eylinder on eaeh engine destroyed, and 
otlier smaller breaks, which, under ordinary methods, would 
have necessitated the renewal of four cylinders. The “k^ried- 
ricli dor Grosso” had the following breaks; Broken valve chest 
of high-pressure cylinder of each engine (valve ehest east in 
one with the eylinder), llanges knocked off both valve chest 
and cylinder covers, steam inlet no/.zles knocked off both first 
intermediate valve chests and walls between the two valves 
in cacli cheek broken onl, also .steam inlet nozidcs on both 
second intermediate valve chests broken off. 

These two vessels wei*c the first in which straight electric 
welding was ns(‘d, that is, where patches wore not liolted to 
the cylinder walls. 

Method of Repair. — The nature of some of the breaks in 
castings is shown by the accompanying photogi-aphs, which 
wore taken at various stagi's of the work. 

A, Big, 1J3, shows the hi’oak iu the slarlmard high-pi*essuro 
cylinder of the North German Lloyd steamer “freoi’ge AVash- 
inglon.” This break was (‘ffeeted by drilling a row of holes about 
au inch apart and kiuxdciiig the piece out with a ram. 

To prepare this for welding it was necessary to chisel off 
the surface only roughly, build a pattern of the break, east 
a steel piece from the pattern, stud up the surface of the east 
iron of the cylinder with a staggered row of steel studs ^ iu. in 
diumclcr, projecting i in. from the cylinder, bevel the edge of 
the cast piece, jilace the piece in i)osition ns shown in B, and 
make the weld. "When comi)leted, the appearance of the work 
is ns it appears in C, 'Plie broad belt of welded metal is due 
to the laying of a pad of metal over the rows of studs previouslj'^ 
noted. 

It cannot he too strongly insisted that tests have shown con- 
clusively that the wold can he i)roperly made without this pad ; 
that is, if the approximate stronglh of the original metal is nil 
that is desired — ^in which ease the studding of the metal is 
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113- -Broken Hig-h-Prcssure CrJinder ot U. S. S- ‘‘George \Vasi 2 iagton ’ ' and Method of Repairing. 
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unnecessary. But the work in llioso particular cases was ol 
vital importance, due to the uses to which the vessels wcie 
to ])c put wlicn in service, and also it was appreciated that this 
(‘xhihition of a now application of tlie art in the marine onginecr- 
ijig world I'cquirod tlial llio (loinoiistration he satisfying, not only 
to the mind of the oiiginoor, but to the eye, and ear, and when 
any engineer looked at that hand of metal and sounded it with 
a hammer, he could not he hut satisfied that the strength was 
defuiitely there and that the method of padding could ho used 
in most of the situations which would ari.se. Thi.s at least was 
the effect upon all the (mgiiuicrs who saw the actual work. 

The metal was laid on in layers in such a manner as to 
take care of the eonlraciion in coolijig. Each successive layer 
was cleaned with a wire brush before the next layer was put 
on. It is ill the keeping of the suceessive layers clean and 
in the laying on of the metal so as to take earo of the con- 
traction that the operator’s ahilily comes in Cully as much 
as it does in the handling oh the apparatus. The cylinders 
were not removed, hut vvei'O repaired in place. Thus the work 
of fitting was reduced to a negligible fiiiaiility, and tin* refitting 
of lagging was not int(*r Cored with by pimjeetions, otlicr tlian 
the li-in. pad, whicli is laid over the studs for exti’a str(*nglh. 
It will also 1)0 noted that tlu'so repairs can ho undertaken at 
any place wlici'o the vessel may ])e lying, either at her loading 
dock or ill the str(*am, since such apparatus may he carrietl 
on barges, which can he placed alongside and wires run to 
the work. 

In this work a part consisted of the caulking of the surface 
of the welds which prevents porosity and also locates any 
hriltlo spo<s or places wliere poor fusion of metal has boon 
obtained. This permits the euttiug out of the had places and 
I'eplaeing with good iiuital. The tool used was an air caulking 
hammer operated at 110 Ih. air pressure. 

Strength of Cast-Iron Welds.— (lapt. K P. Jossop, U. S. N., 
per.soiially tested many welds for tensile strength in which 
cast iron was welded to cast steel, and in Init one case was 
there a failure to obtain practically the original strength, This 
case was due to an inexperienced operator burning the inclal, 
and was easily detected as an inferior weld without the siren gilt 
lest being applied. 
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Much has been said about the cfl’cet oi! the heat of welding, 
upon the structure or sti’cngtli of cast iron, and in this 
particular instance the Navy ongiiioer who had direct charge 
of this work, made experiments to note if there wore any 
deleterious effects on the iron resulting from the action of 
the weld and reported as follows; 

“ Scloroscopic investigation of tlio atnietuvo of tho welda shows only 
a very slight vein of linrd cast iron at tho lino of tho wold, sliot thiougli 
with fingers of gray east iron, while behind this area tliero was no lieat 
effect whatever. Tho metal thus dopositod was easily workable with ham- 
mer and chisel, file or cutting tool. Another very importaiil fiailnro is 
that with the nso of llio low voltage and abHoliilo antomalic enrreni control 
of tho Wilson system, there is a ininimnm of heat transmitlod to the pails 
to bo welded, this being practically limited lo a heat value nlisoliilcly 
necessary to bring tho electrode and tlio face of the metal to lie welded 
into a semi-plastic state, thus insuring a perfect piiysical union, ami in 
accomplishing this result neither of the metals suffers from oxeessivo heat, 
and there is absolutely no necessity for prc-hcating. Neither are tliero 
any adverse results from shrinkage following the completed work owing 
to a miniimim amount of heat being iransinitted to tho repair parts, thus 
avoiding tho possibility of distortion of parts through unovon or oxeessivo 
shrinkage strains that are very common Avhoro pro-hoating is necessary or 
excossivo boat is used for fusing motals.” 

A, Fig, 114, shows tho damage done to the fir.sl inlormedialc 
cylinder of the U. S. S. “Pocaliontas,’’ formerly tho “Prinzess 
Irene.” The damage to this cylinder, it will be noted, was more 
destructive than to that of the “George Washington,” rendering 
the repairs much more difficult. 

JS shows the steel section in place ready for weUling, with 
tho surfaces properly V’d out and with a staggering row of 
.stool studs adjacent to tho welding edge of the cylinder section. 

G shows the complete job with the extra band or pad of 
metal completely covering the studs on tho cast-iron section. 
These bands or pads of metal arc peaned or woi’ked over with 
a pneumatic hammer to insure protection again.st poro.sity of 
metal. 

Had either or both of these cylinders licen fractured on the 
lilies shown of the cast-iron sections, and none of the parts 
removed, then tho surfaces or edges of all lines of fracture 
would have been V'd out, and the wold made of the two east- 
iron surfaces in the same manner that tho ca.st steel was welded 
to the east-iron cylinder proper. 
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OTHER SHIP WORK 

In line with the foregoing J. 0. Smith, writing in the 
American Machinial, Jan, 22, 1920, .says: WlKm the matter of 
welding in connection with H]n])-c oust ruction is considered, im- 
mense possibilities immediattdy suggest tliemscJves. It Inis 
been definitely determined by exliaiistive technical sliuly and 
experiment that welding can be satisfactoi'ily eini)l<)yed in 
ship construction, that ship plates joined by welding will bo as 
strong or stronger than the original metal at tb(‘ wi'lded joint, 
and that welding can be em])loyed for ship-construction work 
at a saving of 25 per cent, in time and 10 per cent, in material, 
as compared to riveting. 

In actual figures, as determined by experimenlH of tlio 
Emergency Fleet Corpoiaition’s electric welding committoo, it 
was determined tliat, by welding, in the ease of a DfiOO-lon 
ship the saving in rivets and overlapped plates would amonnt 
in weight to 500 tons, making it possible Cor the ship to carry 
500 tons more cargo on eacli trip tlian would be possibbi if 
the ship plates, etc., had beisi riveted, instcsid of wehh'd. 

An investigation hy the same eommitlei! has definitely 
established the following points: Thai (‘b'cti’ic-weldml shi])s 
can be built at least as strong as I'iveted ships; tluit plans X<ir 
ships designed to be riveted can easily be modified so as to 
adapt them for extensive electric welding, and Ihus save con- 
siderably in cost ajid time for hull eonstruction ; that sliips 
especially designed for eleetrie welding can la; built at a saving 
of 25 per cent, over presmii methods and in less timi*. 

An electrically welded ship is credited willi many ad- 
vantages over a riveted ship. In a 5 000 -ton ship, about <150,000 
rivets arc used. A 9500-deadweigbL-ton sliip reipiii'i’.s 000,000 
or 700,000 I’ivets, Hy the welding proci'ss Hie saving in labor 
on the minoi’ parts of a ship is reckoned at from GO to 70 
per cent, on the hull, plating and other vital jiarls; tlio saving 
in labor, cost and time of construction liy welding is conserva- 
tively placed at 25 per cent. 

That electric welding will some day largely ri'iilace riveting 
is also the judgment of the electric-welding comnntlce which 
is composed of many leading experts in hotli Hie electrical 
and metallurgical branches of the welding field. 
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Considerable investigation of the subject of welding instead 
of riveting has been made in England by Lloyd's Register of 
Shixjpiiig, i)articularly with regard to formulating rules for 
application to the clccti’ical welding of ships. As a result of 
the investigations and experiments made by the technical staff, 
it was determined that the matter liad assumed such importance 
as to warrant the foi’mulation of provisional rules for elec- 
trically welded vc.ssels, and these have been issued, for the 
guidance of shipbuilders, by Lloyd’s Register. 

Tlic experiments conducted in England followed three well- 
defined lines of investigation: Determination of ultimate 
strcnglli of welded joints, together with their ductile proper- 
ties; capability of welded joints to withstand alternating ten- 
sile and compressive stresses, such as are regularly experienced 
by ships; and a microscopic and metallurgical analysis to 
determine if a sound fusion was effoeted between the original 
and added metal. 

It was determined that the tensile strength of the welded 
joints was from 90 to 95 x)er cent, of the original idates, as 
against a slrenglli of from 65 to 70 jjcr cent, in riveted joints, 
showing a margin of 25 pci’ cent, increased strength in favor 
of the welded joints. 

The result of the tests of the elastic lirox^crties of welded 
joints determined that there was a slight difference in favor 
of tlio riveted joint, but the art of welding has made such gi’cat 
strides recently that it is now believed entirely possible to 
make a welded joint in shii) x^lates that will stand as great a 
number of reversals of stresses as a riveted joint. 

Microscopic and metallurgical analyses have determined 
that a good, solid, mechanically sound wold was made between 
tlic original and the added metal, the two having been fus(‘d 
together so perfectly that no line of domarcalion could bo seen. 

Tlic rules so far promulgated by Lloyd’s (January, 3920), 
have been necessarily of a imitative nature and will no donbi 
bo modified and enlarged from time to timo in view of the 
cxpci’iencc tlini will bo gained after welded ships have been 
in service for a time. 

It does not require a great deal of imagination, however, 
to enable anyone to form the oiiinion that the shipbuilding 
industry is on the eve of great modifleations in constructional 


136 


KLKC'I'RIC WELDING 


lines, and the guidance given by the tests and comparisons 
so far made "will undouljtedly lead to important, radical de- 
partures and developments. 

In addition to tlie increased cost of idveting as compared 
to welding, it is practically always true tluit there is a cei'taiu 
percentage of ijuperfeetly fitted livets, that do notliiiig more 
than add weight to tlic ship. Thu main purpose of a rivet, 
of course, is to bind two or nioi-c thicknesses of niatei’ial to- 
gether, hut if the rivet is bent, loses part of its head in tlio 
riveting process or otherwise fails in its projici' pur])osc, there 
is no method hy whicli sueli faults eaii be coiTccted after tlio 
rivet cools. If the importance of the riveted part requires 
a perfect joint, the faulty rivets must he riunoved entirely, 
and this is frequently a lime-killing, ('xjumsive cijurse to fol- 
low. When it is considered that a bbOO-lou ship requires 
approximately lb0,000 rivets to hind the various parts and 
plates and also tliat a certain percentage of these rivets is 
not fulfilling 11 le pur]) os e for wliieli l.hey we]>(' pul into the 
ship, it is quite cvidt'nl that practically every ship is Imrdened 
with a good-si;^cd load of dead, uside.ss weight. Much defective 
I'ivets arc, in fact, more than a useless weight, in that they 
are a menace to the ship, for while they have been l)niU into 
the ship for a purpose, and are supposed to ])e Cul filling tliat 
purpose, there is no telling how mueh the ship has been weak- 
ened structurally by their failure. 

There are many I'easoiis for defective rivets, and one of 
the gj'catcst of them is tlio iiuiecessiliility of the parts to be 
riveted and the consequent difficulty on the part of the rivclci* 
in putting the rivets properly in place. Anotlier ri'uson is that 
there is no certainty that rivets are at a proper, workable 
temperature; in consequence of which if they are too cold, 
the pneumatic hammer now generally used in riveting is unable 
to round off the end of the rivet properly, so as to insure a 
proper liinding togotlier of the j'llates the rivet is supposed 
to hold. 

In many cast's, wlien such faulty rivets are discovered, the 
present-day method is to weld such defeetive spots, which 
immediately brings up the natural question as to why the 
plates should not be welded in the first place. 

The ability of a welder, using a direct -enrreiit, low-voltage 
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are vvdtli automatically regulated currout to make sound 
mechanical welds in crannied, confined spaces, on overhead 
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are shown in Fig. 115. In Fig. 116 is shown a welded tank 
and in Fig. 117 a welded steel-plate, 4X7 It. condenser. 

Reason for Successful Welds. — ^In connection with the 
work just described, the Wilson people claim that their success, 
and the uniformity of their welds, was made possible because 
their apparatus enables the welder to control liis heat at the 
point of application. In welding tliero is a critical temperature 
at which steel can be worked to give the grealest tensile 
strength, and also ductility of metal. By raising the beat 
15 or 20 amp. above this critical amperage a fracture of the 



Pig. 117. — ^Woldofl Steol-Plalo Con<lonscr. No Ttivols in 31h ('onslnichtm. 

Sizo ‘1 X 7 Pt. 

weld will show segregation of carbon and slag pockets, which, 
of course, weakens the wold. If the amperage is decreased 
from the critical temperature, a fracture of the weld will show 
that the metal has been deposited in globules, with many voids, 
whicli proves that the weld has been made with iiisnfftcient 
heat. This shows, they claim, that with a fluclnaliug amperage 
or voltage, it is impossible to obtain nniformly high-grade 
welds. 

In addition to their apparatus tlicy use spoeial electrodes 
for various jobs. One electrode is composed of a lunnogencous 
alloy combined with such excess of luangaiu'se as will com- 
pensate for losses while passing through llie electric arc, thus 
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insuring a substantial amount of manganese in the welded joint 


■ivliich is essential to its toughness. They also claim to have 



Fio, 119. — Up Pedestal Jaw. 


a manganese copper alloy welding metal electrode which is 
composed ot iron homogeneously combined with sueli an ex- 
cess of manganese and copper over the amount lost in the 
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Jirc as will insure to the wclclocl joint a substantial additional 
degi'ee of toiiglniess and ductility. 

Thoir special electrodes run in grades, corresponding in 
sizes to the gage numbers of the American Steel and Wire 
Co.’s table. Grade 6 is for boiler work; grade 8 can be 
machined; grade 9 is for engine frames, etc,; grade 17 is for 
filling castings and grade 20 is for bi'onzo alloys, liells, etc. 
The tensile strength of welds made with these electrodes is 
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given as from 40,000 to 60,000 lb. The wire furnished is usually 
gage 9, approximately Vas bi. in diameter. Tliis is .shipped 
in coils of about 160 lb. No fluxes are used with any of these 
electrodes. 

Locomotive Work, — The railroad shops of the United States 
were among the flrst to use arc welding to any extent. In 
fact, without the great amount of experimental worlc done in 
railroad sliops, the use of the arc in the repair of the damaged 
ships by welding would have been practically impossible. 
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Fia. 121. — Welding Criiekod Driving AVlioel Hiiolcos. 

classes ot work tliero is no I’cal question iliat woldiiifi is iho 
quicker and better way. 

In Fig. 118 is sliown a ro])air on a steel locomotive IVaino, 
iho Hv/.c (jj! the smallei' section lieing bXO in. Tlio lirolvon ends 
were 1 ) 0 V clod off on each side and a piece of steel bar was 
welded in between the ends, thus saving considerable time and 
electrode material. 
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Fig, 119 shows how the worn face of a pedestal jaw was 
built up by moans of the “plastic-arc” process. 
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Fig. 121 shows the welding o£ a locomotive cast-.steel drive 
•wheel. Four spokes were cracked. 

Fig. 122 sliOAVS the welding of locomotive boiler tubes to 
the back flue sheet. All ol these jobs wore done by the “plastic- 
arc” process, and represent a very small portion o£ the kinds 
ol jobs that may be done in a railroad shop. 

The method of welding flue ends to the sheets as suggested 
by IVcstingliousc is shown in Fig. 123. 

II. A. Ourrie, as.sistaut electrical engineer, New York Cen- 
Iral R.ll., writing in Railway Aye, says; 

Tho saving in oiiv Incoinolive siiop since olcctvic welding was installed 
can hardly ho calculated and the additional mileage that is obtained from 
locomotives is reniarkablo. 'riiis is mainly duo to the following: 

“A. Greater ponnanoncy of icpairs. 

“ B. Bhorter periods in the shop, giving addilional use of cqiiipinont. 

“G. Mxisting shop facilities permit t.aking caie of a Inrgor number of 
locoinolivon limn originally expected. Shop congestion relieved. 

“J). Tlie 1180 of worn and broken parts wliich Avitliout electric welding 
would ho throw’ll in tlio seiap pile. 

"E, Tlio tinio leqniied to make repairs is much loss and requires 
fowor men. 

"P, A siimllor f|nantiLy of spare parts carried in slock. 

"^Tlio following is a lirlef deseiiption of some of the w'ork done on 
8 team locomotives: 

“Flue and Fire Box Welding. — d’ho most important results are obtained 
by welding tlio boiler tubes to tho hack lino sheet. The average mileage 
between shopping on ncconnt of leaky tines on passenger locomotives was 
100,000 miles. This has boon raised to 200,000 miles with iiidividiinl 
records of 275,000 miles. For freight this average has been raised from 
<15,000 to 100,000 miles. At tho time of loeomotivo shorlago this olfect 
was of inoflUmahlo value. 

"Good results have boon oblainod wlthcnil tlio nso of sandblast to 
piepaio tho lubes and shoots, Tho engine is cither tired or an acetylene 
torch naod to burn off the oil, after which the metal is cleaned off with a 
scraping tool, Tho ferrules are of coiirso well sealed and the tubes rolled 
back, Tho boiler is filled with water in order to cool the lubes, which 
having a innch tliinner cross-section than tlio sheets, would ovorlioat sufii- 
ciontly to spoil the wold or burn tlio lubo. Tho metal is then laid on, 
beginning at tlio bottom of llio bead and working to the top. Records 
allow that tho time to wold a Pacific typo loeomotivo boiler eomploto is 
13 hours, 

"A variety of repair work is readily accomplished in loeomotivo tlro- 
boxca such as tho welding of crown-sliect patches, side-sheet cracks and the 
reinforcing and patching of mud rings, Smokohox studs are also welded on. 

“Side Frames, Couplers and Wheels. — Oraoked main moinbora of side 
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1‘rnnics aro restored ainl wearinj^ ])arls luiilt ii|) ami loinforeed, Boeauso 
of iipcoaslbility no special dilliiaillies me eiiconiilered in this woik. Formeily 
this work was ehiefly done with oil widdinfj and some aeolylene and lliormifc 
woik, hut it was vciy much more e.\pi5nHi\e as the pTeparnliou rmpiired 
considerahle effort and look a good ileal of tune. 

“l*’ifty per cent of Iho engines passing through Iho sliops have worn 
and hroken coupler parts and pockets. By welding an average saving of 
about .lil5 per coupler is inado. It costs about $.10 in material and labor 
to replace a couploi and only $*1 to repair the average Inokon eouplor. 
The .scrap viiluo is ahoni .th. 

“Great success has resulted fiom various repairs to steel wliccls and 
tires. Elat spots have been built up without lemoving (he wlieuls from 
tlio loeoniolives, thus cft'ecling a groat saving in lime and money. Building 
np sharp flanges saves ahout fi-in. cut olT tho tread, which when followed 
through moans ahout $.'10 for a pair of wheels, a great incn'aso in tiro 
life and i eduction in shop cosls. 

“Cylinders. — 'I'ho most intmesting fentnro developed by arc welding 
was file aceomplibliment of east-iron welding. 'I’lie dilliculty in wi'ldiiig 
cast iron was that while Ihn hoi melnl would weld into the casting, on 
cooling the strain would tear tho welded poition away fiom the rest 
of the casting. .Small studding was tried out with no success. Not until 
wi ought-iron studs, proportioned to tho sectional strength of tho c.usling, 
woro used did any satisfactoiy wolds turn out. Studding of thi.s largo 
81/0 was looked upon with distrust, us it was thought that the only wold 
was to tho sliulding. This nntuially meant Hint tho original structiivo 
was considorulily weakened due to the drilling. This, however, was not 
the case. Tho laige studding was rigid oiiougli to hold against the cooling 
strains ami prevented the welds in tlio easting from pulling loose, tliiis 
adding tho slrenglh of all Iho woldeit portion to that of the studs. In 
most cases whoro external cicnranco will permit, sufliciont reinforcing can 
1)0 added lo move Ilian conipnnsato for tho metal removeii in drilling for 
tho studs, 

“Bevhaps more skill is a-equired for this class of wolding, Iml with a 
pioperly prepared casting succoss is curtain. A coiiciolo case of the economy 
offcctod in wolding a liadly damaged cylinder on a Pacific typo ongino 
is as follows: 


WKLDlOD JOB 

Cost of wolding hi’oken cyllndei’, lalior and nnitorinl $125,00 

Length of lime out of seivice, 5 days at $20 a day JOO.OO 

Bemp value of old eylimler (8,440 Ih. at 2.09 lb.) 177.00 

Total “$402,00 

IIKPLAC K D G y L r NDNB 

Cost of now cylinder ready for locoraolivo. $1,000,00 

Labor charge lo I’ciilace it. 150,00 

Locomotivo out of sorvico 18 days at $20 a day , ‘100.00 

■$f,6l0^00 

Less cost of welding 402.00 

Total saving $^08^0(1 
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“Sonic twenty-five loeoinotivcs Inivo liceu ropaircil in tins way at oiio 
shop alone. 

“Jinny axles are bciny leclaiinod by building up the woin paits. 
Tlieso are lendoi and luiclc nxl?s ivhich are worn on the journals, wheel 
fits and collars. The saving is about !|i25 per tender axle and $20 for 
li'uclc axles. 

‘‘The lange of pails that may bo repaired or brought back to slainlard 
size by ivelding is continually expanding. Wearing surfaces ou all motion 
links and other motion wotk, crosshead guides, pistou-rod crosshead fits, 
valves nnd valve seals, air, steam, suud and other pipes, keys, pins and 
journal boxes have all been .successfully welded. 

“A largo saving is clTccied in welding broken parts of shop tools and 
niacliinery, Lnring llio war this was of untold value, ns in some cases 
it was out of I ho cpicslion to get tho broken purls replaced. 

“Training of Opciatois.— The training of arc welders is most important. 
Snecohs dejiends solely on the men doing tlio work. They must bo instructed 
in llio use of tho aic, the type, size and composition of tho cloclrodo 
for various classes of woik ami the chai’aetcrislics of tho various machines 
they will bo called upon to use. A. properly equipped school for teaching 
thoso matters would be a valuable adjunct for every railroad, Jlanufac- 
turors of oqniimieiit have recognized the importance of proper instruction 
nnd linvo equipped schools wheio men aio taught fi’cc of charge. 

“Supervision. — C’o-ordinalo with tho actual w’olding is intelligent super- 
visioii, 'i'ho scope of the supervisors should include preparation of tho 
job for tho wehler and general ovcjsight of tho equipment in the shop, 

'‘Thus tho duties of tho inspector might bo smnniarizcd in the following 
points: 

“1. 'I’o see that tho work is ju'opcrly prepared for the oporulor. 

“2, The machines and wiring aro kept in good condition, 

“3. I’ropei electrodes nr(« used. 

“'L To iiisi>oi'l llin welds in piocess of application, and whoa finished, 

**6. To act ns adviser and medium of inlorchango of welding iirncticos 
from one shop to another. 

“In work such ns fine welding nnd industrial processes which repeat 
the sanio nporalioii, pieco-T/ork rates may bo fixed. For varying repair 
jobs this method cannot bo used with justice either to the operator or 
tho job. 

“Bare electrodes are used almost exclusivoly, ovon for a.c, wolds. 
WhciiCA’er a now lot of electrodes is received it is good practice to make 
up tofil-pioco samples and subject them to careful tests and analysis, 

“Tho sizes of electrodes and uses to which they are put are shown 
til tho table. 




Bizo 

Typo of Work 

Va 

Flue welding. 

V« 

For all repair work, broken frames, cylindors, etc. 

V« 

For building up W’onring surfaces. 
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“General Rules. — In closing it will bo well to point out a few gonoml 
rules rcquiied to obtain satisfactory wolds. 

“1, The woik must bo arianged or cliipped so that tho clcclrodo may 
bo bold approximately porpoiidicular to tlio piano of welding. 
When this cannot bo accomplishod the oloctrodo innsL bo bout 
so that tho aie will bo drawn from tlio point and not tho side 
of tlio olcctiodo. I’d!' cast iron tho studding must bo properly 
arranged and proportioned. The surfaces to bo woldod must bo 
thoioughly clean and free from greaso and grit. 

*‘2. Tho proper oloctrodo and current value must bo selected for tho 
work to bo done. 

‘*3. Tho are should bo maintained ns constant as possible. 

“4. For nearly all work tho propaiod surface should bo evenly welded 
over and then tho now snrfaeos woldod together, 

“6. Suitablo shields or helmets must bo used with proper color values 
for tho louses. 



Fia. 124. — ^Built Up Cupped Rail Ends. 


"For locomotive work a good operator will deposit an avorago of 
1 to IJ lb. of oloctrodo per liour, The limits aro from 1 to 2 lb. Iligli 
current values give more ductilo wolds, in proportio]i to deposited molnl. 
For locomotive welding tho groat advantage of tho arc over thermit, oil 
or acetyloiio welding is that preparation at tho wold is all that is necessary. 
No secondary preparation for expansion of tho members is necossaVy. This 
is Die great advantage in welding side frames,’' 

Clonsiclcrablo welding work is done in building up worn 
track parts. Pig. 124 shows the building up of cupped rail 
ends and Fig. 125 shows manganesc-steol cross-over points 
built up by arc welding. Suelt repairs have .stood long and 
hard service. 
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Other Welding Work, — In the steel mills a groat deal ol 
welding is required to build up worn roll or pinion pods. Fig. 



FiO. 120, — ^Building TJp Worn Roll Pods. 


worn part outlined in white. The cost ol repairing lour ends 
(two pinions) was $170. The pinions cost $1,000 each. 

The way a five-ton roll housing was repaired is shown in 
Fig. 128. In this case a heavy steel plate was boiled over 
the crack and welded as indicated. It miglit have been all 
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right to weld direct, but in tliis ease, owijig to the heavy duty 
required, it was thoiight best to play safe and use the steel 
plate. 

Welded bloAvholes in the rim of a largo pulley arc shown 
at the left in Fig. 129. At the right the pulley is shown after 
machining. 

Broken taps may be removed if a nut is welded on as 
shown in Fig. 130. In doing work of this kind, the ai-c is 
struck on top of the tap and kept there until the metal is 
built up above the top of the hole. An ordinary nut is then 
laid over it and welded fast. If the arc i.s kept on tlio lap 
the metal may run against the sides of the hole but will not 
adhere, but care must be exercised so as to not let the arc 
strike the sides of the hole. 

ELECTRIC CAR EQUIPMENT MAINTENANCE 

The growing possibilities of electric welding processes in 
connection with tlic maintenance of rolling flock and other 
railway equipment have been a source of arrianement to every 
electric railway man who has come into contact with the prac- 
tice, says the Elcciric liailivay Journal. This began with the 
repair of broken members oC the variou.s parts of ('leetrift car 
equipment and has led to its use in a still lai’ger ti(’ld, which 
includes the building up of worn surfaces of steel parts which 
prcvioiLsly would have been headed for the scrap heap. Tlui 
accompanying illnstrations show some parts of electric oar 
equipment which have been reclaimed by electric welding in 
tlie shops of several electric railways. This work was begun 
at a time ■when it was very difficult to obtain railway oquip- 
ment pavt.s and it has resulted in large savings and has ouabkul 
tlie equipment to be returned to service so quickly, that lh(? 
work is being extended and used for defective-part vci>air 
which previously would not have been considered. 

The United Traction Company, Albany, N, Y., constructed 
a special concrete building for its electrical repair worlc a year 
ago. A separate room was built at one end of tliis l)uilding and 
arranged particularly for electric welding, and all important 
details wore incorporated in the design to fit tliis room for the 
purpose to which it Avas to be put. The building is a concrete 
structure throughout and the floor of the welding room is also 



EXAMPLES OE ARC-WELDING JOBS 


151 


of concrete. In dimensions this room is about 10 ft. X 00 ft. and 
it i.s entirely inclosed and separated Crom the rest of the 
building. 

As a safety precaution no one is allowed to enter the weld- 
ing room while work is in progress. Two observation windows 
arc provided on eitlicr side of tlie entrance door, in whicli 
colored glass has been installed as a protection to the eyes of 
the observer. Any one having business in the welding room 



Fig. 131. — Q. E. Portable Arc Woltling Outfit. 

can sec when welding work is being done and tluis avoid tbe 
danger of any Imrmful effect from the light of the are. 

The equipment at present in use in the welding room con- 
sist.s of a General Electric motor-generator sot and an oxy-accty- 
Icno welding outfit, a welding table, convoiiicnt lioldcrs, masks 
and other welding equipment, and a chain hoist which travels 
on an I-beam the length of tlie room and also outside tlio 
entrance to pick up heavy work and facilitate the handling of 
heavy parts. Since tlio installation of tliis equipment the 
General Electric Company has developed a self regulating 
welding generator wliicli constitutes a part of its single- op orator fi 
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metal lie electric arc welding’ equipment. This can be either 
stationary or portable and as it is self-coniaiued it makes a 
very desirable combination. The generator has a two-pole 
armature, in a four-polo frame, with commutating poles, and 
generates sixty volts, open circuit. Bucking the shunt field 
i.s a series field, with taps brought out for different welding 
enrrents. As current flows from the main brushes through 
the series field windings it reduces the generator voltage to 



Fig. 132. — G. E, Goiierntor Direct Oonncctcd to Motor, with Control 
Panel mid Starter. 


the proper welding value, hflgs. 131 and 132 show two types 
of G. E. equipment. 

One of the most important operations and one which shows 
far reacliing economies in the woi’k undertaken hy the tlnitcfl 
Traction Company is the building up of worn armature .shafts, 
as shown in Pigs. 133 and 134. The pinion ends of the shafts 
were “chewed up” due to the wear of the keyways for the 
pinions. Tltc defective ends oP the shafts which wore to bo 
repaired were carefully cleaned of all oil and dirt and suifleiont 
metal was welded on so that the shafts could be re-machined 
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and re-tlii'eadocl. A largo numbci’ of lliosc animturos wore all 
right except for the damage to the Iceyways, so that they 
wore reliirnod to service as soon as the shafts were ro-machined 



Pig. 133. — ^Worn Arnmlui’o Rlmfla Hofoio WoMmg. 
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ing operations of iliis character where a large amount of work 
is to be done whieli is similar in eharaetei- tlio (Icnoi'al Mlcctrio 
Company has developed an automatic welding machine 
described elsewhere. Its chief advantage lies in the increase 



in speed which is possible and the itniformity of welds which 
results. In tlio work done at Albany tlio building up and 
re-machining of the shafts cost from $3 to $4 each, which was 
only about one-ten t!i of the cost of a new sliaft. As local 
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locking’ tlio metal which is added to the broken parts. Holes 
for the §-iii. studs are drilled and tapped at several points 
adjacent to tlic break and the studs are so inserted as to 
extend above the motor shell to about the same height as the 
tliickness of the additional metal to be added. The deposited 



EiO, 137, — Brolcon Cast-Iron Motor Shell aiul Axlci IlousingB llopairod hy 
Electric Welding (Cnao Broken in Twelve J’icccs). 


metal is then allowed to bridge over tliesc studs in welding 
and so obtains additional support which helps to strengthen 
the weld. In the illustration IHg. 136 showing repairs made 
to a broken gear-case suspension arm, one of these studs can 
bo seen projecting from the casting. 
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As an example of what can be accomplished, in repairing 
broken shells, the illustration Fig. 137 showing a welded end 
of a motor shell alongside a lathe, is an extreme case. This 
motor shell was broken in twelve pieces and from the illus- 
tration it will be seen that nearly the entire end was welded. 

Another record job made in the shop of the United Traction 
Company was the welding of a truck bolster. The car, under 
which was a truck with a Ijroken bolster, was brought to the 
shop and placed on a track adjacent to the welding room. 



Fia. 138. Fia. 139. 

Fig. 138. — ^Whool Turned Bendy for Welding. Nolo 

d'hinnoss of Flniigo, 

Fjq. 130.— -Flango Built Up lioady to Bo Sliapod in Wiicol Lntho. 

The cai’ body was jacked up and tlie bolster was repaired 
in approximately eight hours. The work was started at 9 
o^clock after the morning rush hour and tlic ear was ready 
for service again at 5,15 p,m. 

In addition to the class of work illustrated as being done 
by the United Traction Company other interesting work is 
reported from various electric railways showing what has been 
accomplished. The Spokano & Inland Umpire Itailroad has 
done some work in reclaiming wheels with sharp flanges. 
Three views are given to illustrate the methods used. The 
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first ol these, Fig. 138, shows a wheel with the flange tunied 
down 1 ‘cady to receive new metal. The second Fig. 139 shows 
tlio flange Avith a new layer of welded metal. The third, Fig. 
140, shoAvs the finished wheel after it has been machined. After 
the ncAV metal has been added the flange is merely shaped up 
Avith a forming tool. It is left quite rough in some cases, ])ut 
as the practice has ahvays been to put on ncAV brake shoes 
Avhen the wheels arc repaired, the company has had no difficulty 
in Avearing doAvn the tread to a smooth contour. 

A number of steam raihvays are at present reclaiming all 
of their cold rolled steel Avhcels which arc slid flat or have 



I'lQ, 140. — ^Einisliod Wlicol Roatly for Sorvlco. 


flaked-out places, as well as those witli sharp flanges, This 
operation creates quite a saving in itself as often the car is 
merely placed over the drop pit and the Avork can then bo 
taken care of Avith the car fully equipped. By this method 
the car is Avithheld from service but a short period. In the 
welding of sharp flanges it is not contended by those Avho have 
had extended experience that the metal deposited will give 
the life of the parent material, but they agree that savings 
are created as a result of maintaining the car in service until 
such lime as it is necessary to shop it for major repairs. 

Another example of reclaiming electric car equipment is 
shown in the repairs to gear eases, Fig. 141. These are a 
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air sample o£ llie repairs that arc Jlrcquontly found necessary, 
n this ease patches ai’c made of No. 10 sheet iron. In welding 
hesc patches on, tlic operator first determines tlie size of the 
latch and outlines it with chalk on the old case. He then 
mikls up a layer of metal just outside the chalk mark. The 
latch is then laid on and welded to a layer of metal. In 
his way a tight and seeui’e joint is made. As gear eases are 
requenily covered with oil when they are brought in for 
•cpaii’s, they should he cleaned off as much as possible. In 
flaking a patch tliat requires a bend, as in the case illustrated, 
he operator first welds tlic patch to the bottom of the case, 
lien heals the patch and licnds it into shape. 

Split Grears Made Solid. — Some electric railways which have 



PlO. 141.' — Goar Oasea with Pntclios WoUlod On, 


plit gear.s have found it advisable to change these to solid 
;cars by welding and then to press tlicm on the axles. Fig. 
42 shows a gear which is being welded in this manner and 
'ig. 143 an axle which has been built iip so as to increase 
he gear scat. The method employed in welding tlic gears 
onsists, first, of cutting a along the joint of the gear 

own to tile bolls with a carbon electrode. The oiierator then 
uilds up with new metal and welds each bolt and fills ui) 
ic old Iceyways. This bore is then re-machined and a new 
cyway is cut. Broken teeth in gears are also easily repaired 
y welding. 

Another use of welding which has been of benefit to electric 
ailways is in the maintenance of housings for the hearings 
£ railway motors. Constant vibration and heavy jarring 


'■’f 
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causes the fit in the motor frame to hecomc hadly worn and 
many railways have used sliims to take up this w{>ar. A small 
layer of metal deposited by the electric are and then maeliinod 
to the desired dimensions provides a more serviceable job than 



Pia. 143. jr,o. 148. 

Fiq, 142. — Welding Split Qonv to Mnko a Solid One. 

PiQ, 143. — Axlo Enlarged by Woliling, 


that of the shims, and when a tight hi is once secured, the 
wear is eliminated. 

The hi ling in of bolt holes in various parts of the car 
equipment is another use which is showing far-reaching i-esults. 
Heavy duty and constant vibration cause tlie liolcs to become 
worn, and tbo bolts then readily become loose and often fall 
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il. TliG filling in o£ tlicso holes and their I’c-drilllng takes 
cry Utile time and the cost is (‘xtremcly low. 

Some other welding operations wliich have been carried 
nt with success arc these: side bearings which have become 



Pig. 145.“-Coniplctocl Welti Boforo Trimming. 


idly worn have been built up, brakeshoe heads and hangers 
>ve been welded and truck side frames have been repaired 
I numerous eases. A largo number of uses for electric welding 
.'0 constantly presenting themselves to all railways. Enough 
istauecs have been cited to dentonstratc the Caet that the art 
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of welding has greatly hi ere used tlic resources available for 
lengthening the life of equipment, 

ELECTRIC WELDING A SIX-TON CRANKSHAFT 

A six-ton cranlisluvft in the iilanl of tlic tlonston Ice Co., 
Houston, Tex,, broke through at one of the wehs, As there 
was no means at hand to repair the break, the ei'anksliart 
was shipped to tlie Vulcan Iron Worlds, Jersey City, N. J., 
where it was electrically welded by the AVilson plastic-arc 
process. 

The broken web, cut away preparatory to welding, is shown 
in Pig, 144, and tlie finished W(*ld in hMg. 145. Owing to the 
size of the shaft, great cure had to lie exercised in keeping 
it in proper alignment, Pig. 146 shows it leveled and clamped 
to a large surface plate. A straight-edge is shown laid across 
the webs to assist the operator in judging and keeping the 
alignment. 

A big feature in electric welding of this kind is that owing 
to the intense heat of the arc, no preheating is required as in 
using other methods. This, of coiu'se, greatly reduces the time 
required to complete a reiiair of this kind. 

ARC-WELDING HIGH-SPEED TOOL TIPS 

One large manufacture]' has installed a "Weslinghouse arc- 
welding equipment for the sole purpose of making tools for 
turning heavy work. Ordinarily lliese tools are made from 
high-speed steel, and cost about $12 caeli. This mauufaciurer 
uses high-speed steel for the lip of tlie tool only, welding 
it to a shank of carbon or niaehino-stcel, as shown in Pig. 147, 
and in this manner the tools are produced at a cost of $2 
to $4. 

For several weeks this plant has been turning out 240 
welded tools a day, the men working in shifts of four, whieli 
is the capacity of tliis outfit. 

The equipment consists of a 5 00- amp. arc-welding motor 
generator witli standard control panel, and three outlet panels 
for mctal-eleetrode welding, and one special outlet panel for 
the use of cither metal or graphite electrodes, The special 
panel is intended to lake care of special filling or cutting 
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processes that may be necessary, Init ordinarily it is nsed in 
the same manner as other panels £or making tools. These 
panels are distributed about the shops at advantageous points. 

For toolmaking, whieh involves the hardest grades of steel, 
a preheating oven is used, not because it is necessary for mak- 
ing a perfect weld, but because otherwise the hard steel is 
likely to crack from unequal cooling and also because pre- 



Eig. 147. — Wcldiiiff II ifili -Speed Tips Onto Mild Hleol Slmidw, 


heating makes it easier to fuiish the tool aft(;r tin; welding 
process has been completed. For ordinary arc W{!lding opera- 
tions the preheating oven is never used. 

ELECTRICALLY WELDED MILL BUILDING. 

A small all-welded mill building was erected in Brooklyn 
in 1920 for the Electric Welding Co., of America, by T. 
Leonard MacBoan, engineer and contraelor. 'I'ljc slrncture is 
about 60 X40 ft., and has four roof trn.sses of 40-ft. span 
supported on 88-in. Il-beam eolnmns fitted with brackets for a 
five-ton traveling crane. In its general arrangiMnent the struc- 
ture follows regular practice, 1ml the detniliug is such as to 
suit the use of welding, and all eonneetions thronglnml are 
made hy this process. A considerable advantage in cost and 
time is claimed for the welded connections, hut in tli (3 ]n’eaent 
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nstancc the determinative featui’c was not cost economy so 
imeh as the fact that the fabricated work could be obtained 
norc quickly by buying tlie plain sled incmbers and cutting 
ind welding them at the site instead □£ waiting for liridgc shop 
lelivcries. 

The roof was designed for a total load of 45 lb. per sq, ft., 
)f which about 30 lb. represents live load, hlach truss weighs 
1,400 11). The chords are 4X5X-^-in. tees, while the web mem- 
)ers arc single 3x2X§-in. angles. On the trusses rest lOdn. 
t5-lb. channel purlins spanning the 20-ft. width of bay. The 
3ol«mn.s are 8 X 8-in. Il-heams, 19 ft, high, and the ei’ane hraeket 
in tile inner face of the column is built up of a pair of rear 
connection angles, a pair of girder seat angles, and a triangulai' 
veb plate, as one of tiie views herewith shows. IBase and cap 
if the columns are made by .simple plates. 

All material was received on the job cut to length. A 
voodeii platform large enough to take a whole tru.ss was 
milt ns a working floor and the choi'd members were laid 
lown on it in proper relative position to form a truss when 
ionnee.ted. The top chord was made of a single length of too, 
lent at the peak point after a triangular piece was cut out 
)f the stem, At the heel points of the ti’iiss the stem of the 
.op-choi*tl toe was lapped past the stem of the bottom chord 
.ec, and when the two members were clamped together the 
jontael seams were welded ; the seam of the stem at tlui peak 
vas also welded shut. Tlieii the weh members were placed 
n position and clamped, and their connections to the chord 
voided. The metallic-electrode are process was used and 
'arious welded parts arc shown in Pig. 148. 

Loading’ Tests. — Wlieii the plans for the building were sub- 
iiitlcd. to the Department of TUiil dings, florough of Brooklyn, 
ho proposal to weld the connections was approved only with 
he stipulation of a successful load test hefore erection. This 
e.st was carried out March 20. Two trusses wore sot up at 
O-ft. spacing and braced together, purlins were bolted in 
lace, and by means of bags of gravtd a load of 48 tons was 
.pplied. This was sufficient to load the trusses approximately 
3 their elastic limit. No straining or other change was observ- 
blo at the joints, and the test was considered in every respect 
uccessful, The deflection of the peak, 0,0425 ft., did not 



Fig. 14S. — Some Details of All-Trelded iUIl Bmldiag. Heel Joint of 40-ft- Truss. B and C. Front and Back Sides of 
Peak and Joint Truss. Z>. Column Base. B, Crane Bracket. Parts of Bracket were First Welded Together, and then 
Unit wsis Welded to the Colunm. 
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chfingc during 48 lioirrs, and upon removal ol! the load at the 
end of that period a set of less than 0.01 It. Avas measured. 

Speed of Arc Welding, — In a paper read before the Amori- 
eaii Institute of Electrical Engineers, Ncav York, Feb. 20, 1919, 
JI. M- Hobart says; 

All sorts of values aro given for the speed, in foot per hour, with 
wlueh various types of Joints can bo welded. Oporators making erinally 
good w'clds have widely varying dogreos of proficiency as regards speed. 
Any quantitative statement must consequently bo of so guarded a chai actor 
na to bo of i datively small nse. In general, and within reasonable limits, 
the speed of welding will incroase consiilorably when larger currents aro 
omployoil. n appears reasonable to estimate that this increase in speed 
will probably be about 25 to 33 per cent for high values of current. This 
xncronso is not directly proportional to the eurrent employed because a 
greater proportion of time is taken to insert now oloetrodos and the operator 
is wot king under more strenuous conditions. Incidontally, the operator 
who employa the larger curroiit will not only wold quicker bixt the Avcld 
will have also bettor strength and ductility. 

Oil this point Mr. Wagner writes as folloAVs: 

I would not say tluit speed in aic welding was proportional to tlio 
ciirronl used. Up to a eertaiii point ductility and strength improve with 
increased current, but when these conditions aro mot, wo do not obtain 
Iho host speed duo to increased heating zone and size of weld puddle. 
Speed may fall off when cun out is carried boyoiul certain points. 

In a resoareh made by William Spraragen for Die Welding Research 
Hiib'GommitIco on several tons of lialf-inch-thick sliip plato, the average 
rate of welding was only two feet per hour. Highly skilled Avoldors were 
employed, hut they wove required to do the best possible work, and the 
kindu of Joints and tho particular matters under comparison AVero A'ory 
varied and often novel. 

rioxvovor, in the researches carried on by Mr. Spraragon it was found 
that about i.O lb. of metal was deposited por hour using a "/aj-in* bare 
olectrodo and with the plates in a flat position. Tho amount of oleetrodos 
used up was about 2.7 lb. por hour, of wliich approximately 16.5 per cent 
was wasted ns short ends and 13 por cent burnt or vaporized, tho roniainder 
hoiiig dopo.sUed at the speed of 1.9 lb. por hour montioued above. 

For a IS'ft.'Cubo tank of J*in. thick stool Avoided at Pittsfield, tho 
xpec<l of wolding Avas 3 ft. per hour. Tho Avoight of tho steel in this 
lank Avas 10,000 lb, and Iho Aveiglit of olectrodo used up Avas 334 lb, of 
Avliich 299 lb. Avns deposited in tho wolds. Tho total Avoiding time Avas 
106 hours corresponding to using up electrodes at tho rate of just 2 lb. 
por hour. Tim total lengtlx of AA'oId Avas 601 ft., tho Avoight of electrode 
nacd up por foot of Avoid thus being 0,00 lb, Tlio design of this tank 
jompriBod eighteen difforont types of welded Joint, Several different 


168 


ISLECl’lUC WELDING 


opoiators woikcd on this job and tho avorago current jxjr oporalor was 
150 amp. 

For tho British 125-ft.-long Crosa-Chaniiol Hargo for winch tho sheU 
plating was composed of Vrin. and V,a-ii‘. thick plaloa, doscrilicd in II. 
Jasper Cox’s paper load bcforo tho Hoeioly of Naval Aichiteela on Nov. 
15, 1918, and entitled '‘Tim Application of Elcctiic Welding lo Ship Con* 
stiuction,” it is stated lhats "After a few initial diHicultics had beoii 
overcome, an average speed of welding of 7 ft. per hour was mainlainod 
including overhead work which averaged from 3 to (5 ft. per hoar.” 

In a report appearing on page 67 of the minutes and locnrds of the 
Welding Research Snb-Gommittce for Juno 28, 1918, 0. A. I’ayne, of tho 
British Admiralty, states; "A good welder could weld on about one pound 
of metal in one hour with the No. 10 Qiiasi-Arc electrode, using direct 
ciirient at 100 volts. An electrode conlaining about 1^ oz. of metal is 
used up in about 3 minutes, but this rate cannot bo kept up eonliiiously.’^ 

The makers of the Quasi-Arc electrode publish tho following data for 
tho speed of arc welding in flat position with butt joints, a 60-dog, angle 
and n free distance of J-in, 


Thickness Hpeod in Feet 

of Plates per Hour 

J in. 30 

i in 18 

5 in 6 

1 in 1,3 


I cannot, however, roconcilo tho high speed of welding J-ln, pinto 
published in this repoit as 6 ft. per hour, with the report given above 
by tho British Admiralty that a good welder deposits 1 lb. of metal per 
hour with tho Quasi-Arc electrode. If tho rate given by the mamifacturor 
is correct, it would mean that about four pounds of metal wore deposited 
per hour. On this basis tho rato must have been compulod on tho lime 
taken to molt a single electrode and not llio rate at which a Avoldor eould 
operate continuously, allowing for his onduraneo and for the time lakon 
to insert fresh electrodes in tho olcctrodc holder and the lime taken for 
cleaning the surface of each layer before coniinonciug t.lio next layer, 
Fiom his observations I am of tho opinion that a roiirosenlalivo into for 
a good welder lies about midway between thesn values given respectively 
by Mr. Payne, and by tho makers of tho Quasi -Arc electrode, say for 
J-in, plates some 2 lb. por hour. This, it will bo observed, agrees with 
Mr. Spraragon's experience in welding up somo 6 tons of i|-in. sliip plato 
with a dozen or more varieties of butt joint and Mr. Wagner’s results with 
an 8-ton tank. Even this rate of 2 Ih. por hour is only fho actual time 
of tho welding operator after his plates aro clamped in position, This 
preliminary work and tho preparation of tho edges which Is c|uilo an under* 
taking, and reguires other kinds of avlisans, accounts for n largo amount 
of time and should not bo undor-eatimated, 

The practice heretofore customary of .slating tho speed of welding In 
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foot per liour 1ms led lo oiidloss confusion as it depends on typo of joint, 
height of weld and various details. A much bettor basis is to express 
tho speed of wolding in pounds of metal deposited per hour. Data for 
the pounds of metal deposited per hour are gradually becoming quite definite, 
Tho pounds of metal poi Coot of wold required to he dopo-sited can bo 
readily calculated fioni the drawings or specifications. With tho furtlior 
avail aide knowledge of tho average waste in electrode ends and from other 
eaiises, tho requirod amount of tho olcctrodo matorial for a given job can bo 
estimated. 

Suitable Current for Given Cases.— For a given typo of weld, for 
ovamplo, a doiildo V-wold in a J-in. thick ship plate, it was found that 
in tlio summer of 1918, wliilo some operators employed as low ns 100 amp., 
oil tors worked with over IfJO amp. Some, in making such a wold, employed 
oleetrodes of only J-in, diameter and otticrs preferred electrodes of twice 
as great cross-section. For tho particular size and design of wold above 
in out io nod, tho Welding Rosonveh Sub- Committee had wolds made with 200 
to 300 amp. Tho oonclusion appears justified that tlio preferable current 
for sucli a wold is at least 200 amp. If the weld of tlio J-in.-thick plalo 
is of tho doublo-bovcl typo, some 60 amp, less current should bo used for 
tho bottom layor than is '■used for tlio second layer, if two layers are 
used. For 3.‘i>n-thick plates, the most suitable wolding current is some 
.300 amp, This is of the order of twice the curront liorotoforc usually 
employed for such a wold. 

Mr. Wagnor ivritos: 

Wo have made a numbor of tosts to dotorniino tho olfcct of varying 
curront on tlio strength of the weld. Tests were made on a J-in. plate 
with current values ns follows: 80, 126, 150, 180, 220, 275 and 300 amp. 
Those tests show iinprovomoiit in the tensile strongtli and bonding qualities 
of wolds as tho curront increases. Tho speed of welding increnses up to a 
cortain point and thou decreases. 

Effect on Arc Welding of Voltage Employed. — Wo havo nmdo a mtmbov 
of tests to dctorinlne the influcnco of variable voltages on Iho strongtli 
and character of olcotric wolds, The experiments wore made wolding J-in. 
plate with 150 amp. hold constant and voltage varying as follows: 40, 75, 100, 
125, 160, 200 and 225 volts. 'J’liis lest demonstrates that tliovo is no material 
dilTorcnco in the tensile strength, bending qualities or tlio appoaraiico of 
tho woldod-in. material, There is tills advantage, however, in tho Iiiglior 
voltage, that variations in the strength of the arc do not matorially aftcct 
tho value of tho curront. A curve -drawing am motor was installed on tho 
wolding circuit which showed variations in curront at 75 volts, but at 150 
volts tlio curront ciirvo.was practically a straiglit lino, 

Preferable Size of Electrode. — On certain railways, a single diainotor 
of olcctrodo is employed iiidopondontly of tho sizo or slmpo of tho plates 
or parts being welded. Tlio experience of other people loads thorn to make 
aiSQ of aovoral different sizes of olcctrodos according to tho sizo of tho 
job and the typo of joint. Present British practice appears lo bo to use 
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Bncli a sizo of olcctrodo as to have a current density of some 4,000 to 

6.000 amp. per square inch. The invostigalioiiB of tho Welding Eesoareli 
Sub-Committeo indicate that at least 10,000 to 12,000 amp. per square inch 
is suitable for electrodes of ‘/g-in. and Yaj-in. diameter and well up toward 

10.000 amp. per square inch for electrodes of */n-in. and ®/j*in. diameter. 



CHAPTER IX 


PHYSICAL PROPERTIES OF ARC-FUSED STEEL 

The work ol the Huroaii of Standards in investigating the 
physical properties of arc-fused steel, was described in Chemical 
and Metallurgical Engineering, by Henry S. Rowdon, Edward 
Groesbeck and Louis Jordan. This was by special permission 
of Director Stratton. The article wms substantially as follows; 

During the year 1918 at the request of and with the co- 
operation of the welding research sub-committee of the 
Emergency Fleet C!orporation an extensive lu’ogram was outlined 
by the Bureau of Standards foi* the study of arc-welding. 
Due to changed conditions, however, at the close of the year 
1918, the original prog]*am was modi bed and shortened very 
considerably. In drawing up the modified program, it was 
decided to make the study of the characteristic properties 
of the fused-in metal the primary object of the investigation, 
the study of the merits of the dilTeront typos of electrodes 
l)cing a secondary one. Einee the metal oC any weld ]n’odnecd 
by the electric- arc fusion method is essentially a casting, as 
there is no refinement possible as in some of the other methods, 
it is appai’ont that the efficiency of the weld is dependent upon 
the properties of this arc-fused metal. I lone o a knowledge of 
its properties is of fundamental importance in the study of 
clcctric-arc welds. 

Preliminary Examinations of Eleotric-Arc Welds. — Numer- 
ous articles have appeared in technical literature bearing on 
the subject of electric-arc welding. Most of these, however, 
arc devoted to the technique and comparative merits of the 
method, manipulations, equipment, etc,, rather than to the 
study of the characteristics of the metal of the weld itself. 
The information on this phrase of the subject is rather meager. 

A considerable number of examinations were made of welds 
Imepared by means of the eleetric-arc process and representa- 
tive of different conditions of welding. 
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Most of these were of a gcncviil misccllanGOUs natiU’o and 
the results do not warrant including a description of the 
different specimens licrc. One series oC particular interest, 
howevei’, may well be referred to in detail. As part of this 
study the welding research suh-conimittce submitted to the 
Bureau of Standards a number of welds of ship-plate repro- 
Sjcntativo of English practice for examination, some of which 
were considered as very superior examples of w'eldiiig as well 
as others of a decidedly iufei'ior grade. In Tables VII and 
VIII arc given the I'csults obtained l)y the mechanical tests 
made upon these specimens. The welding was done by shilled 
operators l}y means of special bi’ands of electro dcs (welding 
pencils), the trade names of whi(3h, liowever, liavo been omitted 
from tlie tables. The specimens were examined microscopically 
very carefully, in addition to the incehanical tests made. The 
results are not included, however, as tlie structural Ccaturos 
of the material did not differ from those to be discus.sGd in 
a not lie]’ cliaptcr. The results of tlic mechanical tests given 
are of value in tliat they arc indicative of the average 
mechanical properties which should ho expected in olcctric-arc 
wolds of satisfactory grade for the shape and size of those 
examined. 

Method of Building Specimens. — The specimens required 
for the study of the mechanical properties of the arc-fused 
metal wore prepared for the most part at ihe Bureau of 
Standards, direct current ])cing used in tlie operation. The 
apparatus used is .shown diagrammatical ly in Pig. 149. By 
means of the adjustalde water rheostat the current could he 
increased progressively from 110 to 300 amp. By the use of 
automatic recording instruments the voltage and currcuL were 
measured and rocoi'ds were laheii at intervals during tho 
preparation of a specimen. Tlic values of current given in 
the tables are those which were desired and wore aimed at. 
The average deviation from this value as recorded by the 
curves was approximately 5 amp. Tlio value of tlic current 
at tho instant “the arc was struck” was of course many times, 
the normal working value used during the firsion. 

Since the investigation was concerned primarily with the 
properties of the arc-fused metal, regular welds were not made. 
Instead the metal was deposited in a block large enough to 
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permit a tension specimen (0.505 in. diameter, 2 in. gage lengtli) 
to be machined out of it. jMthougli the opinion is held liy 
some welders that the properties oP the metal of an arc-weld 
are afPccted materially by the adjacent metal by reason of 
the interpenetration of the two, it was decided that the cliango 
of properties of the added metal induced by the fusion alone 
wn.s of fundamental importance and .should form tlie liasis 
of any study of ai'C-welding. The method adopted also per- 
mitted the use of larger specimens with much less machining 



than would have been possible had the metal been deposited 
in the usual form of a weld. 

In tiie first few specimens prepared (ten in number) the 
metal was deposited by a scries of ‘Mieadings” inside a 1-i-in. 
angle iron. The tcn.sion specimens cut from the deposited 
metal were found to be very inferior and entirely umsuitablc 
for the study. This was largely on account of the excessive 
overheating which occurred as well as the fact that a relatively 
‘‘long are” was necessary for the fu.sion in this form. Bccaime 
of the very evident inferiority of these specimens, the results 
of the mechanical tests made arc not given in the table.s. 
The method of deposition of the metal was then changed to 
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that shoAvn in Pig. 150. This method also had the advantage 
in that the amount o£ nccessajy machining lor shaping the 
specimens for test was materially reduced. The block of arc- 



side view 






End View 

Fio. ISO, — ilelhod of Foriimtion of Uio Blocks of Aro-Kusod Melal. 


fused metal was built up on the end of a section of ^-in. 
plate of mild steel (ship plate) as .shown. AVhon a block of 
sufficient size had been formed, it, together with the portion 



Fig. 161. — Block of Aic-Fuscd Metal with Tenaion Spccimon Out from It. 
Approximately Half Natural Size. 

of the steel plate immediately beneath, was sawed off from 
the remainder of the steel plate. The tension specimen was 
turned entirely out of the arc-fused metal. No difficulty what- 
ever was experienced in machining the specimens. Pig. 151 
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shows the general appearance of tlu' block of fused metal as 
well as the tension specimen tui’iied out of it. 

Ill general in forming’ the lilocks, Die fused metal was 
deposited as a series of “bends” so ai-ranged tliat they were 
parallel to the axis of the tension .specimen wliich was cut 
later from tlie block. In two cases, for purposc.s of comparison, 
the metal was deposited in “lieads” at right angles to tlic 
length of the specimen. In all the .specimens, after the deposi- 
tion of each layer, the surface was very carefully and vigor- 
ously brushed with a stiff wire bru.sh to remove the layer of 
oxide and slag which formed daring the fusion. There was 
found to be Init little need to use the chisel for removing this 
layer. 

'Pwo typos of electrodes were used as material to be fused. 
The.se differed considerably in composition as .shown in Table 
IX, and Avere chosen as representative of a “pure” iron and 
a low-carbon steel. The two types will be referred to as “A” 
and “B” respectively in the tables. They Avore ol)taiued in the 
folloAving sizes: Vs, Vaa? Vio Vi electrode. Vio 

in.). It Avas planned to use the different sizes Avitb the follow- 
ing currents: Vi amp.; ^'/aa — I'fh, 185 

and 225 amp.; Vi« in.— 185, 225 and 260 amp.; Vi in. (Vio 
in.) — 300 amp. The electrodes Avere used both in the bare 
condition and after being slightly coated Avitli an oxidizing 
and refractory mixture. I'^or coaling, a “paste” of the folloAv- 
ing composition Avas used: 15 g, graphite, 7,5 g. magnesium, 
4 g. aluminium, 65 g. magnesium oxide, GO g, calcmm oxide. 
To this mixture Avas added 120 c.e. of sodium silicate (40 deg. 
Be.) and 150 c.e. of Avater. The electrodes Avere painted on 
one side only Avith the paste. Tin* quantity given above Avns 
found to be suffleient for coating 500 electrodes. The purpose 
of tlie coaling Avas to prevent excessive oxidation of the metal 
of the electrode during fusion and to form also a thin protective 
coaling of slag upon the fused metal. 

Tension specimens only avcj'o prepared from the arc-fused 
metal. It is quite generally recognized tluit tlic tension tost 
falls very short in completely defining the mechanical proper- 
ties of any metal; il is ])elieA'ed, however, that the behavior 
of this material Avhen stressed in tension is so characteristic 
that its general behavior under oilier conditions of stress, 
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particularly when subjeetecl to the so •called dynamic testa — 
i.e., vibration and shock — can be safely predicted from the 
]’0 suits obtained. In order to supplement the speeimens made 
at the bureau a series of six were also prepared by one of 
the large manufacturers of equipment for electric welding to 
he included in the investigation. These arc designated as 
“Cl” in the tables. 

In Taldc IX it will be noted that the geuei’al effect of 
the fusion is to render tlie two materials used for welding 
pencils more nearly the same in compo.sition. The lo.ss of 
carbon and of silicon i.s very marked in eaeli ease where these 
elements exist in consideraldo amounts. A similar tendon ey 
may be noted for manganese. The coating wdtli whicli the 
electrodes were covered appears to have but little influcnoc, 
if any, in pi,‘evcnting the oxidation of the carbon and other 
elements. 

TAnLB X — Uelation IlETwiaoN Nitrogen-content anu CimuRNT 
Denhity * 


Size of 

EIdc - Amperes Cimetit 

troile, In (Approx) Density 

1 MO 9,000 

i NS n,800 

Vr MS 7.600 

A 185 9,650 

A 225 M,700 

A 175 9,100 


“A" Spec 
0 156 
0 149§ 
0 127 
0 1401 
0 140 
0 12]^ 
0 123 

0 noi 


A 185 6,700 I g j27j 

A 2^5 8,150 g j3[g 

A 260 9,400 

A 300 3,900 {o|li§ 

♦ Credit duo J, R. Cnin. 
t Average of two determinations, 
j I nclgdod in nvernge for C-D 1 1 ,800. 

§ Coated electrodes, 

6 Included in (wornne for C-D 9,000. 

0 \vcrnge of 9 dctormiimtions 


NitrogenContenl (PerCoiitf) — 

"13" Spec. "C" Spec. Avorngo 


0 152 
0 I4I§ 

0 132 
0 1355 
0 124 
0 1225 
0 121 
0 1635 J‘ 
0 1321 I 
0 !I7 
0 1235 


0 119 
0 1 065 ) 
0 III 
0 1085 
0.112 
0 094 


0 138 
0 126 
0 127 
0 131 


0 133 
0 098 


t 

b 

0 120 
0 120 
0 118 
0 114 


The most noticeable change in compo.sition is the increase 
in the nitrogen content of the metal. In general the increase 
was rather uniform for all specimens. In Table X are sum- 
marised the results of the nitrogen determinations togetlici' 
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Table XI — Teni^ile Puopbutibs of Elec'I'hodes 



Eleotrixlc-' 

into 

Propor, 

EIoiir 

Rccluot. 


Size, 

Streneth, 

Limit, 

in 2 In 

Aren, 


In. 

Lb. Sq In. 

Lb. Sqin 

Per Cent 

rer Cent 

A 

A 

65,600 

39,000 

16 5 

69 2 

A 

S 

62,100 

48,000 

9 0 

69 3 

A 

60,100 

34,500 

14 0 

66 4 

A 

A 

57,300 

15 5 

67 6 

0 


88,600 

67,000 

4 5 

51 3 

D 


84,700 

58,500 

7 0 

59 8 

n 

D 

1 

66,300 

67,900 

37.500 

15 0 

15 5 

61 4 

62 4 


with the corresponding current density used Xor the fusion 
of the rnctftl. In 152 the average nitrogen contents found 
for the different conditions of fusion are given and plotted 
against the corresponding current density. Though no definite 
conclusion seems to be warranted, it may be said that, in 
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general, the pcrccntago of nitrogen taken up by the fused 
iron increases somewhat as the current dcaisity increases. With 
the lowest current densities used tlic amount of nitrogen was 
found to decrease appreciably, 

Mechanical Properties of the Arc-Fused Metal. — The 
mechanical properties of the two types of electrodes used as 
determined by the tension lest are summarized in Tal)lc XI. 
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Tahljs XII — Tensilr Puopertieb and Hardness of Fifty Specimens 
OP Weeo-metad at tub Bureau, (0,505-in. Dum. Standard Tension 
Bar Used) 


A2 

A3 

A7 

A8 

A9 

A4 

A5 

A6 

AlO 


AD2 

AD2-D 

AD3 

AD 3-D 

AD7 

AD7-D 

ADB 

AD8-D 

AD9 

AD9.D 

AD4 

AD4-D 

ADS 

AD5-D 

AD6 

AD6-D 

AD 10 


132 

B3 

n-i 

D5 

n& 

B7 

BS 

B9 


BD2 
BD2-D 
BD3 
BD3-D 
BD4 
BD4-D 
BD5 
BD5-D 
BD6 A 
BD7 A 
nD7-D A 
BDS . A 
BD8-D(7) A{?) 
DD9 A 


Cl 

C2 

C3 

C4 

C5 

C6 
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a 

110 

49,850 

36,600 

25,000 

6 0 

6 5 

108 

145 

51,950 

36,250 

30,000 

8 0 

13 0 

114 

145 

47,550 



6 0 

7 4 

106 

185 

48,100 



8 0 

8 7 

104 

225 

45,300 


, 

6 0 

9 6 

101 

185 

50,600 

33,750 

29,500 

5 5 

13 5 

lOi 

225 

49,150 

36,250 

22,000 

7 0 

10 0 

102 

260 

50,950 

33,750 

28,800 

10 5 

12 0 

107 

300 

46,670 



12.0 

II 9 

104 


Covered Electrodes 




110 

51,250 

35,000 

25,600 

9 5 

n .0 

103 

no 

43,000 


23,000 

5 0 

9 0 


145 

51,100 

33,750 

25,000 

6 3 

10 '5 

no 

145 

46,250 


24,250 

7 0 

12 0 


145 

41,750 



6 0 

6 6 

99 

145 

46,950 


25,500 

8 0 

9 4 


185 

44,620 

. p > 


6 5 

5 8 

103 

185 

43,600 


23,250 

6 5 

9 0 


225 

46,900 



9 5 

10 1 

96 

225 

41,550 


25,500 

5 0 

6 5 


185 

51,200 

35,000 

30,000 

10 5 

10 5 

101 

185 

45,700 


25,500 

8 5 

II 5 


225 

48,600 

35,000 

30,000 

7 0 

10 0 

96 

225 

46,250 


23,750 

II 5 

12 0 


260 

47,500 

34,500 

31,500 

9 0 

9 0 

97 

260 

50,700 



8 0 

2 6 

105 

300 

45,900 



8 5 

M 5 

98 


Bnre Ktectrodcs 




110 

52,650 

37,000 

27.000 

7 5 

' 7 5 

114 

145 

54,500 

36,000 

27.000 

12 5 

12 0 

106 

145 

46,450 

33,500 

26,000 

5 0 

7 0 

102 

185 

49,600 

34,250 

27,000 

7 5 

9 0 

108 

225 

49,500 

30,500 

28,000 

9 0 

5 

no 

185 

47,550 


28,500 

7 5 

II 5 

95 

225 

42,900 


18,750 

7 5 

16 2 

101 

260 

47,500 


21,500 

12 0 

13 5 

102 


Covered Elect redes 




tio 

49,050 

33,730 

27,500 

9 0 

12 0 

100 

110 

44,400 


20,000 

6 5 

9 4 


145 

52,100 

34,300 

30,500 

12 5 

16 0 

1 10 

145 

50,850 


23,500 

13 0 

17 5 


145 

48,130 

31,000 

30,500 

8 0 

10 0 

101 

145 

41,750 


21,000 

6 0 

9 5 


185 

49,086 

31,730 

29,000 

12 5 

13 0 

97 

185 

47,100 


22,500 

11 0 

12 5 


225 

45,500 

30,500 

25,000 

8 5 

10 5 

95 

185 

49,950 


24,500 

II 5 

21 5 

98 

IBS 

51,150 


23,750 

14 5 

19 5 


225 

41,500 

■ t » 

17,850 

6 0 

12 7 

99 

225(7) 

48.750 

^ , 

21,250 

12 5 

16.0 


260 

46,350 


24,000 

10 0 

15 0 

99 


Bnre Elooirodes 




175 

46,650 

32,650 

23,000 

12 0 

19 1 


175 

45,200 

32,400 

23,000 

7 5 

16.6 


175 

49,720 

32,650 

25,000 

9 0 

n 6 


175 

54,500 

32.500 

25,000 

II. 0 

17 5 

118 

175 

50,900 

32,500 

24,000 

15 0 

23 0 

109 

175 

50,500 

33,500 

23.000 

12 0 

16 0 
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111 Table XII are given tlie results of tlie mechanical testg 
made upon the tension specimens which were turned out of the 
blocks of metal resulting from the fusion of the elec- 
ti'odes. 

The specimens listed, 0,, Cg . . . . Cq are the six which were 
prepared outside tlie Bureau and submitted for purposes of 
comparison. It was stated that they were prepared from bare 
electrodes Vsa in- diameter of type “B,'’ containing 0.17 per cent 
carbon and 0.5 per cent manganese. 

Ah an aid for more readily comparing the mechanical prop- 
erties of the two types of arc-fused metal “A” and “B,” the 
results have been grouped as given in Table XIII. 

The characteristic appearance of specimens after testing, 
illustrating their behavior when stressed in tension till rupture 
occurs is shown in Fig. 153. These represent two views of 
tlic face of the fracture, one in which the line of vision is 
perpendicular to the face, the other at an angle of 45 dog., 
together with a side view of the cylindrical surface of the 
specimen. The features shown ai’c characteristic of all the 
.specimens tested, though in some they wore much more pi*o- 
nounced than those shown. TIic fracture of the specimen in 
all eases reveals interior flaws. In some of the specimens, 
however, these are microscopic and of the character to be 
discussed in a subsequent chapter on Metallography. Although 
many of the specimens (from the results of Table XIT) appear 
to have a considerable elongation, it is seen from Mg. 153 
that the measured elongation does not truly represent a prop- 
erty of the metal itself. It is due rather to interior defects 
which indicate lack of perfect union of succeeding additions 
of metal during the process of fusion. The surface markings 
of the specimen after stressing to rupture arc very siinilar 
to those seen in the familiar “flaky steel.” 

Resulting Physical Properties Depend Essentially on Sound- 
ness. — It appears from the results above that, as far as the 
mechanical properties arc concerned, nothing was gained by 
coating the electrodes. The results show no decided superiority 
for either of the two typos of electrodes used. This may be 
expected, however, when one considers that the two are rendered 
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practically the same in composition during fusion Ly the burn- 
ing out of the carbon and other elements. 

The results of the tension tests upon the “0” series of 



Fig, 163, — Char actor istic Appear anco of Tension Spocinion Aftor Test. 

At top, loco of frnoturo, viowod normnlly, Mlddio, frncturod ond of spociinoii, 
viewed nt an anglo of 46 deg. At bottom, oylindricol surfoco of flpoclmon, Mag- 
nification, X 2, 


specimens which wore made outside of the Bureau and sub- 
mitted to be included in the investigation, show no marked 
difference between these samples and those prepared by the 
Bureau. In all cases the results obtained in the tension test 
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are determined by tlie soundness of tlie metal and do not 
necessarily indicate the real mechanical i)ropertios of the 
material. 

The results of the hardne.ss determinations do Jiot appear 
to have any particular or unusual signilicaiiee. The variatiojis 
arc of the same general nature and relative magnitude as Ihe 
variations obsei’ved in the results of tlie tension lest. In 
g'enoral the higher hardness number accompanies tlic bigln'r 
tensile values, though tliis was not invariably so. As pi’cvionsly 
noted, specimens were prepared for the purpose of showing 
the relation between the direction in which the stress is applied 
and the manner of deposition of the metal. The metal was 
deposited in the form shown in Fig. 151, except that the 
"beads” extended across the piece rather than lengthwise, 
hence the "beads” of fused metal were at right angles to the 
direction in which the tcnsional stress was applied. Tin* rosnlls 
of the tension tests show that these two specimens (AWj and 
AWj) were decidedly inferior to those prepared in the other 
manner as shown in Table XIV. 


Table XIV. — ^Mechanical l’i{orEiiTiE.s or Aiio-FusKn Metal Dki’Osited 
AT RraiJT Angles to Length of SrEciAiEN 


Speeimen 

Ult. 

Lb, Sq. In, 

Proportional 

Liimt, 

Lb. aq. In. 

Klongalion 
in 2 in. (per 
Gent ) 

Rcit. of Aron, 
nor Cent 

AW‘ 

40,450 

22,500 

0.5 

8.5 

AW’ 

39,500 

22,500 

4.0 

3.0 


Macrostruoturei— The general eondition of the imdal resnll- 
ing from the are-fusion is shown in Figs. 154 and 155, whic.h 
sliow longitudinal median sections of a serie.s of the tension 
bars adjacent to the fractured end. Tim metal iu all of these 
specimens was found to contain a comsidorablo number of 
cavities and oxide inclusions, these are heat seen after tin; 
surfaces arc etched with a 10 per cent aqueous solution of 
coppci’-ammonhnn chloride. In many of the specimens the 
successive additions of metal are outlined Ijy a series of very 
fine inclusions (probably oxide) which arc revealed by tins 
etching. There appears to be no definite relation botween the 
soundness of the metal and the conditions of deposition — i.e,, 
fox’ the range of current density used — nor does either type 



ModtAl TiOngltu<llnal lioctloiiR of tlio tonslon bars indicated woro iiRod (Tnblo 
XII) ; etching, 10 per cent ntpioous Holutlon of copper •ammonium ohiorido. Wng* 


nlacaiion, x 2. From top to bottom In ordor: 

ADO — A oloctrodo; In,, covered, 200 amp, 

A6 — A electrode ; in,, bare, 22B amp. 

AO — A oloctrodo; ln„ bavo, 200 amp, 

A8 — A olootrodo; J In., bare, J46 amp, 

Ad — A oloctrodo; In,, bare, 18(5 amp, 

AD2 — A olootrodo; % It., covered, 110 amp. 
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ol electrode used show any decided superiority over tlic other 
with respect to porosity of the resulling fusion. In Fig. 156 








. . 




mm 




3?I0. 155. — Macrostruetuio of Arc-I'^Hscd Metal, 'I’yjioB. 

Modifil longitudinal soctlons of tlio tension bars indicated were used (Table XII); 
etching, 10 per cent aqueous solution of copper-animoiiium clilorldo. Magnlflcation, 
X 2. From top to bottom in order: 

B4 — B oloctrodo, ?ia in., bare, IdS omp. 

B5 — ^n oloctrodo; H 2 in., bare, 186 amp. 

B2 — oloctrodo; i In., bare, 110 amp. 

B3 — B oloctrodo; i in, bare, 146 omp. 

BD6 — B oloctrodo; 5ia In., covered, 226 amp. 

] 3 ];) 4 — oloctrodo; H 2 in., covorod, 145 ump. 


is shown tlie appearance of a cross-section of one of the blocks 
of arc-fused metal prepared outside of the Bureau by skilled 
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welding operators. The condition of this material is quite 
similar to that prepared by the Bureau. 

The microscopic study of the material to be discussed in 
a subsequent chapter also revealed further evidence of unsound- 
ness in all three types, and 

Discussion of Results. — ^In any consideration of electric-arc 
welding it should constantly be borne in mind that the weld- 



Fia. 150. — Macroatructuro of Arc-Fasod Motal, Type 0, 

Spocimon Cl (Tnblo XII}, cross sootton of tlio bloclc of aro-fused niotal from 
which Iho tonsion bar was liirnod; otchod with 5 per cent alcoholic solution of 
picrio acid. Magnlflcaiion, X 1.7. 

metal is simply metal which has been melted and has then 
solidified in situ. The weld is essentially a casting, though 
the conditions for its production arc very difilereiit from those 
ordinarily employed in the making of steel castings. The 
metal loses many of the properties it possesses when in the 
wi’ought form and hence it is not to be expected that a fusion 
weld made by any process whatever, will have all the proper- 
ties that metal of the same composition would have when in 
the forged or rolled condition. A knowledge of the char- 
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actcristic properties of the are-fiisod iron is then of funda- 
mental importance in the study of the elcetric-are weld. 

The peculiar conditions under which the fusion takes plaeti 
also render the metal of the weld quite different from similar 
metal melted and cast in the usual manner. It is soeminf>’ly 
impossible to fuse tlic metal without serious imperfections. 
The mechanical properties of the metal arc dependent there- 
fore to an astoiiisliing degree upon the skill, care and patienet* 
of the welding operator. Tlie very low ductility shown hy 
specimens when stressed in t('nsion is the most striking featm’<‘ 
observed in the mechanical properties of the material uk 
revealed hy the tension test. As explained above, the measured 
elongation of the tension sx)eeimeii does not truly indicate ti 
property of the metal. Duo to the uusoundness, already 
described in the discussion of the striieturc, the true proi^erlicH 
of the metal are not revealed by tlie tension test to any 
extent. The test measures, largely for each particular speci- 
men, the adhesion between the successively added layers which 
value varies considerably in different specimens due to tlic’ 
nnsoundness cansod by imperfect fusion, oxide and other inclu- 
sions, tiny enclosed cavities and similar undesirable features. 
The elongation measured for any particular specimen is du(^ 
largely, if not entirely, to the increase of length due to lln' 
eomlhned effect of the numerous tiny imperfections which exist 
throirghout the sample. 

That the metal is inherently ductile, however, is shown 
by the behavior upon ))onding (later to be discussed) in tlui 
microstriicturc of bent specimens. The formation of slip-band h 
within the ferrite grains to the exlont whioh was observed 
is evidence of a high degree of ductility. It appears, ho^vcv<*^, 
tliat the grosser imperfections arc suflieicnl to prevent any 
accurate measurement of the real mechanical properties of 
the metal from being made. The conclusion appear.s to lx? 
warranted therefore that the changes of composition which tlu; 
fusion entails, together with the unusual features of inicro- 
slrueture which accompany the composition change are of 
minor importance in determining the strongtli, durability and 
otlicr properties of the arc weld. 

In are-fusion welds in general, the mass oC wold-mctal is in 
intimate contact with the parts which arc being welded so that 
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it is claimed by many that because of the clifCusioii and inler- 
mingling of the metal under repair ■with that of the weld, 
properties of the latter are considerably improved. The com- 
parison shown in Table XV somewhat supports this claim. The 
nearest comparison found available with the Bureau’s specimen 
are some of those of the welds designated as the '‘Wirt- 
Jones” series reported by H. M. Hobart. Tlie.se welds were 
of the 45 deg. double- V type made in ^-in. ship plate; the 
specimens for test wore of uniform cross-scclion iXi in., the 
Ijrojccting metal at the joint liaving been planed off even with 
the surface of the plates and the test bars avci'o so taken that 
the weld extended transversely across the .speeinieii near the 
center of its length. The electrodes used Avere siniilar to those 
designated os type *‘B” in the Bureau’s investigation. 


Table XV. — Comparison of Welds with Tests of Arc-fused Metal 
P iiEPARED Under .Similar Conditionb. 


Rnroftii of Standards 


Wirt-.IoncH 


•S 

a 

0. 


o 

e 

S cf 

M 


*it/> 

U} ' 

S n 

o 



o 

5-^ 

I 

no 

52.650 


no 

49.050 

AveriiKo 

no 

44.400 
, 48,700’ 


14$ 

46,450 

A* 

143 

48.130 

AvrrnKO 

145 

41.750 

45,440 

A 

185 

49.600 


185 

49,086 

A 

185 

47.100 

•Avorfigo 


48,395 


a 

6 


d 

1 


§ 

u 

J 


0 


C £) 
0“- 

M <3 

o 

Cl 

7 5 

i 

no 

9 0 

113 

6 5 

4 

113 

7 7 


120 

3 0 

1 

120 

6 0 

Avnragn 

rso 


ii 

6 3 

A 

155 

7 5 

Avprngo 


!? 5 

■ 1 n 

a 

175 


a 


f “ 

<1/ 

O 

ii 

</)^ 




c 

JS 0 

D 

B*” 

45,800 

8 0 

58,200 

14 0 

59,400 

13 5 

53,700 

7 0 

57,600 

B 5 

54,940 

10 2 

60,900 

6 0 

62,600 

11 5 

61,750 

9 8 

59.800 

9 0 


* Rjcotrodoa were URpd in bnro condition. 

t Elcptroden worn pontod as previously dcBorilird, those not so deaienntcd in 
this roliimn were used l»aro 


Since the .specimens u.scd in work descrilicd in the fore- 
going sections Avcrc prepared in a manner quite different from 
the usual practice of arc-Avclding, no definite I'oeommendations 
applicable to tho latter can be made. It appears, howcvci', 
from tho results obtained that the tAVO types of electrodes used 
— i.e., “pure” iron and loAV-carbon stool — should give A^cry 
similar results in practical Avelding. This is duo to tho changes 
which occur during the molting so that tho resulting fusions 
are essentially of the same composition. The use of a slight 



190 


ELECTIIIG welding 


coating on the electrodes docs not appear to bo of any material 
advantage so far as the properties of the resulting fused metal 
are concerned. Since the program of work as carried out did 
not include the use of any of the covered electrodes wliieli 
arc highly recommended by many for use in arc welding, 
particularly so, for “ovcrlioad work,*' no data arc available 
as to the effect of such coatings upon the properties of the 
metal resulting from fusion. Although all of the specimens 
used in tlie examinations were made by the use of direct 
current, it appears from the results obtained with a consider- 
able number of welds representing tlio nso of both kinds of 
current, submitted for the preliminary examinations which 
were made, that tlie properties of the fused metal are inde- 
pendent of the kind of current and are influenced primarily 
by the heat of fusion. Any difference in results olitained ])y 
welding with alternating current a.s compared with those 
obtained with direct current apparently depend.s upon the rela- 
tive ease of manipulation during welding rather tlian to any 
intrinsic effect of the current upon properties of the metal. 



CHAPTER, X 




METALLOGRAPHY OF ARO-FUSED STEEL 

The same authors responsible £or the description of the 
investigations at the Bxu'can of Standards, given in the x)reviovis 
chapter, also furnished the data given in this chapter: 

Fusion welds evidently arc fundamentally dilfercnt from 
other types of joints in that the metal at the weld is essentially 
a casting. A preliminary study of a considerable number of 
specimens welded under different conditions confirmed the 
impression that the arc-fusion wold has characteristics quite 
different from other fusion welds. 

In the present study, of which both the i)rcvious chapter 
and this one form a part, two types of electrodes, a “pure” 
iron called “A” and a mild steel called “B,” were used, in 
the bare condition, and also after receiving a slight coating. 
With these were included a set of similar specimens prei)arcd 
outside of the Bureau by expert welding operators. During 
the fusion the composition of the metal of the two tyiDcs of 
electrodes is changed considerably by the “burning-out” of 
the carbon and other elements, the two becoming very much 
alike in composition. A vcj’y considerable iucroasc in the 
nitrogen content occurs at the same time, as shown by chemical 
analysis. 

The mechanical properties of the are-fused metal as 
measured by the tension tc,st are essentially lliosc of an inferior 
casting. The most striking feature is the low ductility of the 
metal. All of the specimens showed evidence of unsoundness 
in their structure, tiny inclosed cavities, oxide inclusions, lack 
of intimate union, etc. These features of unsoundness arc, 
seemingly, a necessary consequence of the method of fusion 
as now practiced. They det ermine almost entirely the mechanical 
properties of the are-fused metal. The observed elongation of 
the specimen under tension is due to the combined action of 
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the mimerons unsound spots rather than to llic ductility of 
the metal. That the metal is inherently ductile, however, will 
be shown by the changes in the microstructuro, prtxlueed by 
eold-bcnding. By taking extreme precautions (luring the 
fusion, a great deal of the unsouiidncss may h(i avoidt'cl and 
the mechanical properties of the metal bo considerably im- 
proved. The specimens described, however, are more repre- 
sentative of actual present practice in welding. 

General Features of Microstructure. — For pui’ijosos of com- 
parison the mierostructure of the electrodes before fusion is 
shown in (1) and (2), Fig. 157. The '‘A” electrodes have 
the appearance of steel of a very low carbon content; in some 
cases they were in the eokl-rolled state ; all showed a consider- 
able number of inclusions. The electrodes have the struc- 
ture of a mild st(?ol and arc much freer from inclusions (han 
arc those of the other type. It is, undoubtedly true, however, 
that the condition of the arc-fused metal with respect to the 
number of inclusions is a result oC tlic fusion I’ather than of 
the initial state of the metal. 

It is to be expected that the microstructuro of the material 
after fusion will be very considerably changed, since the m(!t«l 
is then essentially the same as a easting. It has Hom(i Peature.s, 
however, which arc not to Ix! found in steel ns ordinarily east. 
The general type of microstructuro was foinid to vary in tin? 
different specimens and to range from a condition which will 
be designated as “cohimnar” to that of a uniform fiiui ('(pii- 
axed crystalline arrangement as shown at 3 and 4, hhg. ISYA. 
This observation held true foi* both types of cleeirod(‘S, wlielhci* 
bare or covered. In the examination of cross-sections of llu* 
blocks of arc-fused metal, it was noticed that tlu! e(iui-ax(Kl 
type of slrueturo is prevalent throughout llui interior of the 
piece and the columnar is to be found generally nearer the 
surface— i.c., in the metal deposited last. It may be inferred 
from this tliat the metal of the layers whicdi were deposilod 
during the early part of the preparation of the specimen is 
rclincd considerably by the successive licatings to which it is 
subjected as additional layers of metal arc deposited. The 
general type of strneturc of the tension bars cut from the 
blocks of are fused metal will vary considerably according 
to the amount of refining which has taken place as well as 
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tlio relative position of the tension specimen within the block. 
In addition it was noticed that the columnar and coarse cqui- 
axed crystalline condition appears to predominate with fusion 
at liigh-currcnt densities. 



Pia, 157. — (1) '*A^’ Electrode, '/la-in. Diamotor. Annealed As Received. 
(2) Electrode, Y,o-in. Diamotor. Cold-Drawn. BothXlOO. 

Picric Acid Etching. 



Pig. 157A. — (3) Columnar Structure of Bj, Per Cent Picric 

Acid Etching, (4) Equi-axod Structure of ADj, X^OO. Two por 
Cent Alcoholic HNOj Etching. 

Microscopic Evidence of TJnsoundness. — ^In all of the speci- 
mens of arc-fused metal examined microscopically there ap- 
pear to he numerous tiny globules of oxide as shown in Figs. 
158 to 160. A magnification of 500 diameters is usually neces- 
sary to show these inclusions. In general they appear to have 
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no definite arrangement, but oeeur indiscriminately through- 
out the crystals of iron. 

A typo of unsoimdness frequently found is that shown in 
(5), (6) and (7), Fig. 158 ; this will bo referred to as “metallic- 
globule inclusions.” In general these globules possess a 
microstrneture similar to tlmt of the surrounding metal, but 
are enveloped l)y a film, presumably of oxide. It seems prob- 
able that they arc small metallic particles which were formed 
as a sort of spray at the tip of the electrode and which wore 
deposited on the solidified crust surrounding the pool of molten 
metal directly under the arc. These solidified particles ap- 
parently arc not fused in with the metal which is subsequently 
deposited ovoi’ them — i.e., during the formation of this same 
layer and before any brushing of the surface oeexu’s. By taking 
extreme precautions during the fusion, a great deal of this 
unsoundness may be avoided and the mechanical proi)ortics of 
tlie metal may ho considerably improved. 

Oharacteristic “Needles” or “Plates.” — The most ebar- 
acteristic feature of the steel after fu.sion is the prosoneo of 
numerous lines or needles within the erysals. The gonci’a] 
appearance of tliis feature of llie structure is shown in (8) 
to (11), Fig. 159j inclusive. The numl)er and the distribution 
of these needles wtsve found to vary greatly in the different 
specimens. In general, they are most abundant in the columnar 
and in tlic coarse equi-axed crystals ; the finer equi-axed crystals 
in some specimens were found to bo quite free from them, 
although exeeptioniS were found to this rule. In general, a 
needle lies entirely within the bounds of an individual crystal. 
Some instances weim found, however, wliere a needle appeared 
to lie across the boundary and so lie within two adjacent 
crystals. Scvoi’al instances of this tendency have boon noted 
in the literature on this subject. The needles have an ap- 
pi’eciablo width, and when the specimen is etched with 2 per 
cent alcoholic nitric acid they appear much the same as 
comentite — i.e., they remain uncolorcd, although they may 
appear to widen and darken if the etching is prolonged con- 
siderably. The apparent Avideiiing is evidently duo to the 
attack of the adjacent ferrite along the ])oundary lino between 
the two. The tondoney of the lines to darken when etched 
with a hot alkaline solution of sodium picratc, as reported 
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Pio. 150 (8 lo 11). — ChavactoTistic “Neodlea” or ‘ * Plates ” X 876* 

(8) BI>o otchocl with 6 per cent picrio ncid In nicohol. 

(9) Spocimoii BDd nOor ualiig for thormftl nnalysis, ro*lio8fod in vnouo lo 000 
dog 0. four titnos. Picric acid otcliing. 

(10) Raino aa. (9) except otchod in hot alknllno aodium picrnlo Rolutlon. 

(11) Spcciinon of Avoided joint hotwcon hiip plalo. Additional very stnnil iicodtoa 
ore noted. Etching: 2 per cent IINOa in alcohol. 
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by Comstock, was confirmed; (10) illustrates the appearance 
when etched in this manner. The needles arc sometimes loimd 
in a rectangular grouping — i.e., they form angles of 90 deg. 
with one another. In other cases they appear to be arranged 
along the octahedral planes of the crystal — at 60 deg. to 
one another. This is best scon in specimens which have been 
licated, as explained ])clow; 

In some of the specimens certain crystals showed groups 
of very fine sliort needles as in (11). The needles comprising 
any one group or family arc usually arranged parallel to one 
aiiolhcr, but the vearions groups are often arranged definitely 
with respect to one another in tin* same manner as described 
above. Similar needles have been rciDortcd in articles by 
S. W. Miller. 

An attempt was made by T)r, P. D. Merica to determine 
whetber the so-called lines or needles were really of the shape 
of needles or of tiny plates or scales. An area was carefully 
located on a specimen prepared for microscopic examination, 
Avhich was then ground down sliglilly and rc])olishcd several 
times. It was possible to incasui’c tlic amount of metal removed 
during the slight gi'inding by observing the gradual disap- 
pearance of certain of the spherical oxide inclusions the 
diameter of which could ho accurately measured. By slightly 
clchiiig the specimen after polishing anew it was possible to 
follow the gi’adual disappearance of some of the most prominent 
needles and to measure the maximum “dcptli” of such needles. 
It was concluded from the series of examinations that the term 
“ plate is more correctly descriptive of tins feature of the 
structure than “line” or “needle.” The thickness of the plate 
— i.e,, the width of the needle — varies from 0,0005 to 0.001 
mm. and tlm width of the plate (“depth”) may be as great 
as 0,005 mm. The persistence of tlie plates after a regrinding 
of the surface iised for microscopical examination may be noted 
in some of the micrographs given by Miller. The authors arc 
not aware, however, of any other attempt to determine the 
shape of these plates by actual measurements of their 
dimensions. 

Plates Probably Due to Nitrates. — The usual explanation 
of the nature of these plates is that they arc due to the nitrogen 
which is taken up by the iron during its fusion. Other sug- 
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gestioiiB which have been offered previously attribute them to 
oxide of iron and to carbide. The suggestion concerning oxide 
may be dismissed with a few words. The plates are distinctly 
different from oxide in their form and their behavior upon 
heating. It is sliown later that the tiny oxide globules coalesce 
into larger ones upon prolonged heating in vacuo ; the plates 
also increase in size and become much more distinct (see (32), 
(34) and (36), Fig. 166), In no ease, however, was any inter 
mediate stage between the globular form and the plate pro- 



PiQ. 160. — (12) Spoeimen ADj, Etchocl witli 2 Per Cent Aleooliolio Nitric 
Acid, Shows Pearlite Islands, ^'Necclles” and Oxide Inclusioiis, 
X 750. 

duced such as would bo expected if both were of the same 
chemical nature. 

Regarding the assumption that they are cementite platc.s, 
it may be said that the tendency during fusion is for the carbon 
to be burned out,*’ thus leaving an iron of low carbon content. 
In all the specimens, islands of pearlite (usually with cementite 
borders) are to bo found and may easily be distinguished with 
certainty. The number of such islands in any specimen appears 
to be sufficient to account for the carbon content of the 
material as revealed by chemical analysis. In some cases the 
pearlite islands are associated with a certain typo of “lines” 
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or ‘‘needles’^ such as arc shown in (12), Mg. 160. These 
needles, however, appear distinctly different from those of the 
prevailing tyi)o and are usually easily distinguished from them. 

The fact that the plates found in the arc-fused metal are 
identical in appearance and in behavior (o.g., etching) as 
those found in iron which has been nitrogenized is strong 
evidence that both arc of the same nature. (13) Fig. 161 
shows the appearance of the plates produced in electrolytic 
iron by heating it for some time in pure ammonia gas. These 
plates l)ehave in the same characteristic manner when etclied 
with hot sodium picrate as do those occurring in arc-fused 



Fig. 101. — (13) Clmractohatic Stnictuvo of Electrolytic Iron Heated in 
NIL at 600 Dog. 0. Two Typos of Nitride Plates. Etched with 2 
Por Cout Alcoholic HNOa. X ^76. 

Fig. 161.— (14) Arc-Fusod Iron Produced in OOj Atmosphere. Typo "A," 
7„-in. Electrodes, 150 Amporos. Etched with 5 Por Cent Picric Acid 
in Alcohol, x ^75. 

iron— i.e., they darken slightly and appear as finest rulings 
across the bright ferrite. The fact that the nitrogen content 
of tho steel as shown by chemical analysis is increased by the 
arc-fusion also supports the view that tho change which occurs 
in tho structure is due to the nitrogen. The statement has 
been made by Ruder that metal fused in tho absence of nitrogen 
— i.o,, in an aimo .sphere of carbon dioxide or of hydrogen 
does not contain any plates and heneo the view that the xilatcs 
arc due to tho nitrogen is very much strengthened. In (16), 
Fig. 162, the appearance of specimens prepared at the Bureau 
hy arc fusion of electrodes of type in an atmosphere of 
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earbon dioxido is shown, Tlio niioroseopic ox am in at ion of tho 
fused metal shows ■unmistakable evidence o(! Die pi’cseneo of 
some plates, although they diffoi* somewhat from those found 
in niti'Ogenized iron and in metal rused in the air by tho 
electric arc. Evidently they are due to a different cause from 
the majority of those formed in the iron fused in air, For 
convenience, in the remainder of tlio discussion the "plates” 
will be referred to as "nitride plates.” 

Relation of Microstructure to the Path of Rupture. — The 
faces of the fracture of several of tlie tension specimens after 
testing were heavily plated cloctrolytieally with copper so as 
to preserve the edges of tho specimens during tho polislung 
of the section and examined microscopically to see if the course 
of tlic path of rupture had l)een influenced to an appreciable 
extent by the microstru dural features. In general, tliu frac- 
ture appears to be intcrcryslalliiic in typo. Along the pntli 
of rupture in all of tlio specimens wore smooth- edged hollows, 
many of whicli had evidently been occupied by the "metallic 
globules” referi’ed to almvo, while others were gas-holes or 
pores. Portions of the fracture "woro intracrystallinc and 
presented a jagged outline, but it eamiot be stated with cer- 
tainty whether the needles have influenced tho break at such 
points or not. (16) shows the appearance of some of tho 
fractures and illustrates that, in general, the "nitride plates” 
do not appear to determine to any appreciable extent the course 
of the path of rupture. 

The ])eliavior of the plates under deformation can host 
bo seen in thin specimens of tlic metal which were bent tlirough 
a considerable angle, Rcvsults of examination of welds treated 
in this manner liavc been described by Miller. Small rec- 
tangular plates of the arc-fused metal, approximately Vsa in. 
thick, wore polished and etched Cor microscox)io examination 
and were then bent in the vise through an angle of 20 dog. 
(approximate). 

In (18) to (21), Pig. 163, inclusive are given micrograxihs 
illustrating tho characteristic bohavioi’ of tho material when 
subjected to bending. For moderate distortion the nitride 
plates influence the course of the slip-bands in much tho same 
way that grain boundaries do — i.c., the slip-bands terminate 
usually on meeting one of the plates with a change of direction 



